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1956 April    ! Institute for Virus Research, Kyoto University, was founded with two departments 
(Pathology and Biophysics). 
1956 April    ! Scientific Lectures for the Public were presented commemorating the opening of the 
Institute (the successive Memorial Lecture Series have been presented annually 
hereafter). 
1957 April    ! Department of Biochemistry and Department of Serology and Immunology were 
established. 
1958 April    ! Department of Prevention and Therapeutics was established. 
1958 December ! "Advances in Virology", Vol. 1 (in Japanese) was published as collection of the 
Memorial Lectures (the successive volumes were published annually hereafter until 
1960). 
1958 December ! "Annual Report of the Institute for Virus Research", Vol. 1, was published (the 
successive volumes have been published annually hereafter). 
1959 July     ! Virus Diagnosis Center was established. 
1961 October  ! The 1st Symposium of the Institute for Virus Research was held under the auspices 
of the Institute with the nationwide participants.  The proceedings of the 
Symposium were published as the first issue of the new series of "Advances in 
Virology" in Japanese (the successive Symposia have been held and their 
proceedings published annually hereafter). 
1962 April    ! Department of Tumor Virus was established. 
1962 October  ! Several staff members were appointed academic staff of the Graduate School of 
Medicine, and students of the School were first admitted to the Institute. 
1962 December ! Several staff members were appointed academic staff of the Graduate School of 
Science, and students of the School were first admitted to the Institute. 
1964 April    ! Virus Diagnosis Center was renamed Virological Diagnosis Center. 
1965 September  ! Construction of the new building for the Institute commenced. 
1967 March    ! Construction of the new building was completed. 
1968 April    ! Department of Genetics was established. 
1974 April    ! Department of Molecular and Cellular Virology was established. 
1977 April    ! Department of Neurological Virus Disease was established as such that Visiting 
Staff be appointed. 
1978 April    ! Animal Laboratory for Experimental Virus Infection was established. 
1981 March  ! Construction of extension of the main building was completed.  Thus the main 
building now constitutes five floors with a basement occupying the aggregate area of 
5,410!.  The major part (ca. 481!) of the extended area serves for researches 
involving radioisotope labelling and in vitro DNA recombination experiments 
requiring the P3 facilities. 
1986 May    ! The memorial events for the 30th anniversary of foundation of this Institute were 
held on May 16-17. 
1986 November  Professor Yorio Hinuma was honoured as "Person of Cultural Merits 
(Bunkakorosha)" 
1987 May     Department of Biophysics and Department of Tumor Virology were reorganized to 
form Department of Viral Oncology which consists of 4 Laboratories. 
1988 April     Virological Diagnosis Center was reorganized to become Research Center for 
Immunodeficiency Virus which consists of Laboratory for AIDS Immunology and 
Laboratory of Viral Pathogenesis. 
1989 April     Department of Biochemistry and Department of Genetics were reorganized to form 
Department of Genetics and Molecular Biology which consists of 3 Laboratories. 
1990 March     Construction of a new building was partly completed. 
1990 April     Department of Pathology and Department of Molecular and Cellular Virology were 
reorganized to form Department of Cell Biology which consists of 3 Laboratories, 
while Department of Serology and Immunology, Department of Prevention and 
Therapeutics and Department of Neurological Virus Disease were reorganized to 
form Department of Biological Responses which consists of 2 laboratories and one 
for visiting staff. 
1992 April     Laboratory of Regulatory Information was established within the Department of 
Cell Biology to host a visiting professor as well as a research group. 
1993 December Construction of the new building which accommodates three laboratories from this 
Institute as well as some from the Medical School and the Center for Molecular 
Biology and Genetics of the University was completed.  
1994 October Construction of a new animal facility with some laboratories was completed. 
1998 April   One stuff member was appointed academic staff of the Graduate School of 
Pharmaceutical Sciences, and students of the school were first admitted to the 
Institute. 
1998 April   Research Center for Immunodeficiency Virus was reorganized to become Research 
Center for Acquired Immunodeficiency Syndrome. 
1998 April   Laboratory of Virus Control in Research Center for Immunodeficiency Virus was 
established as such that Visiting Stuff be appointed. 
1999 April Several staff members were appointed academic staff of the Graduate School of 
Biostudies, and students of the school were first admitted to the Institute. 
2002 April The Experimental Research Center for Infected Animals was abolished and the 
Experimental Research Center for Infectious Diseases was established instead. 
2005 April Research Center for Emerging Virus was established.  
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DEPARTMENT OF VIRAL ONCOLOGY 
LABORATORY OF GENE ANALYSIS 
I. First Group 
1)  Structural basis for the SecDF enhancement of protein export: T. TSUKAZAKI
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5) Identification and characterization of E. coli factors involved in membrane protein biogenesis and 
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6)  Induction of extracytoplasmic stress responses by an abnormal membrane protein: Y. AKIYAMA 
  ･･･6 
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DEPARTMENT OF VIRAL ONCOLOGY 
LABORATORY OF GENE ANALYSIS 
 
I. First Group 
The research projects carried out in this group are concerned with post-translational events 
in the expression of genetic information. Specifically, processes of protein translation, protein 
translocation across and integration into the membrane, membrane protein proteolysis and 
extracytoplasmic stress responses are investigated by combined molecular genetic, biochemical and 
structural approaches. 
 





























 and O. NUREKI
1
 (1Institute of Medical Science, 
University of Tokyo, 2Life Science Division, Synchrotron Radiation Research Organization, 
University of Tokyo, 3Mitsubishi Kagaku Institute of Life Sciences, 4Neuroscience Research 
Institute and Biological Information Research Center, National Institute of Advanced 
Industrial Science and Technology, 5Advanced Science Institute, RIKEN, 6Department of 
Biochemistry and Molecular Genetics, University of Alabama 7Kyoto Sangyo University) 
 
Transmembrane protein translocation in bacteria is driven by dynamic interplays between 
the protein-conducting SecYEG channel (translocon) and the SecA ATPase. In addition to the 
coupling with the ATP hydrolysis cycles of SecA, efficient export of protein emerging from the 
translocon requires the proton-motive force generated across the plasma membrane. A 
membrane-integrated Sec component, SecDF, associates with SecYEG and facilitates completion of 
protein export, but its structure and exact function have remained elusive. We have determined the 
3.5 Å-resolution entire structure and higher resolution periplasmic domain structures of SecDF from 
Thermus thermophilus. It consists of a pseudo-symmetrical transmembrane domain and two 
protruding periplasmic domains with novel head-base architectures. The head subdomain of the first 
periplasmic domain assumes at least two different orientations relative to the base. Our X-ray, 
electron microscopic and in silico structures as well as biochemical analyses showed that the 
periplasmic domain indeed alternates between the two conformations. Crosslinking experiments 
demonstrated that such conformational transition of the periplasmic domain is crucial for the SecDF 
function. Moreover, the periplasmic domain has an ability to bind unfolded proteins with affinities 
depending on the conformational states. Intriguingly, the transmembrane helices of SecDF proved 
to be virtually identical with those of AcrB, an RND family multi drug-H+ antiporter, in their 
geometrical arrangements. Functional importance has been shown for several charged residues at 
the transmembrane SecD/SecF-interface, including an evolutionarily conserved aspartate, whose 
counterpart in AcrB is involved in the conduction of protons. We propose that SecDF functions as a 
dynamic membrane-integrated chaperone, possibly powered by the proton-motive force, to facilitate 
SecYEG-mediated protein translocation. 
 
2) YfgM identified as a SecG-interacting factor by site-directed in vivo 







, Y. AKIYAMA and H. MORI. (1Advanced Science Institute, RIKEN, 2Kyoto 
Sangyo University)  
 
In bacteria, SecA ATPase and SecYEG translocon play central roles in protein export across 
the cytoplasmic membrane.  We addressed how Sec factors interact in living cells by site-directed in 
vivo photo-cross-linking experiments.  Our systematic examinations revealed that SecG approaches 
SecA and SecY alternately during ATP hydrolysis cycles of SecA.  We also found a new protein 
that was cross-linked with SecG (see last year's report).  By means of metal chelating affinity 
chromatography and LC/MS analysis, we identified it to be YfgM, a single spanning cytoplasmic 
membrane protein of previously unknown function.  Photo-cross-linking analysis using a !yfgM 
strain substantiated this conclusion.  Results of protease accessibility tests suggest that YfgM 
contains a large C-terminal domain that is exposed to the periplasm.  Interestingly, the gene yfgM is 
a member of the hisS operon and located upstream of yfgL (bamB), encoding a component of the 
Bam (!-barrels assembly machinery) complex involved in biogenesis of outer membrane proteins 
(OMPs).  These findings raise a possibility that YfgM participates in the OMP biogenesis pathway.  
For instance, it could facilitate transfer of OMP polypeptides from translocon to periplasmic 
chaperones for their efficient targeting to the outer membrane.  This notion is consistent with our 
finding that the "yfgM strain exhibits significantly up-regulated extracytoplasmic stress responses 
(ESR) (see below).  Now we are examining this tempting possibility.  
 
3)  Roles of the two PDZ domains of RseP, the S2P family intramembrane protease of E. 
coli, in regulation of its protease function: Y. HIZUKURI and Y. AKIYAMA 
 
E. coli cells sense cell surface stresses, such as accumulation of malfolded proteins, and 
accordingly activate transcription of genes involved in the maintenance of the envelope integrity.  
Such cellular response is called “extracytoplasmic stress responses (ESR)”.  The #E pathway of 
ESR is activated through sequential proteolytic cleavages of a membrane-bound anti-#E protein, 
RseA, by membrane-integrated proteases DegS and RseP, which liberate #E dedicated for 
transcription of a class of stress-responsive genes.  RseP has tandem, circularly permutated PDZ 
domains (PDZ-N and PDZ-C) in its periplasmic region. Our recent in vivo and in vitro studies 
showed that several mutations in the putative ligand-binding pocket of PDZ-N make RseP capable 
of cleaving full-length RseA independently of the first cleavage by DegS, suggesting that the 
PDZ-N domain plays an important role in regulation of the two-step proteolysis of RseA through 
binding of some ligand (1). Recently, others reported another role of the RseP PDZ domains, in 
which cleavage of RseA by RseP is facilitated through direct recognition by PDZ-C of the newly 
exposed C-terminal residue of the DegS-cleaved RseA (2). However, this model was solely based 
on in vitro experiments using solubilized proteins and we have some contradicting evidence.  We 
are thus attempting to identify physiological ligands of the RseP PDZ domains and elucidate roles 
of the these domains in regulation of the proteolytic functions of RseP 
(1) Inaba, K., Suzuki, M., Maegawa, K. -i., Akiyama, S., and Akiyama, Y. (2008) J. Biol. Chem., 283, 35042-35052.  
(2) Li, X., Wang, B., Feng, L., Kang, H., Qi, Y., Wang, J., and Shi, Y. (2009) Proc. Natl. Acad. Sci. USA., 106, 14837-14842. 
 
4)  Involvement of RseP in proteolytic degradation of signal peptides cleaved from 
secretory proteins: A. SAITO, S. CHIBA, H. MORI and Y. AKIYAMA  
 
Signal peptides (SPs) are essential for targeting of pre-secretory proteins to the cytoplasmic 
membrane (in prokaryotic cells) or the endoplasmic reticulum membrane (in eukaryotic cells).  In 
eukaryotic cells, SPs are cleaved off by signal peptidase upon membrane translocation and then 
receive further degradation by signal peptide peptidase (SPP), an intramembrane cleaving protease 
(I-CLiP). On the other hand, prokaryotic cells have no SPP homolog and little is known about the 
metabolic fates of bacterial SPs.  E. coli RseP is an S2P family I-CLiP and is involved in regulation 
of the #! pathway of extracytoplasmic stress response through regulated cleavage of 
membrane-bound anti-#! protein, RseA.  We have found that a model protein having a sequence 
derived from SP of !-lactamase (Bla) receives RseP-dependent cleavage in vivo (1).  Our in vivo 
and in vitro studies show that RseP directly cleaves Bla-SP within its central hydrophobic region.  
We examined further whether RseP has general ability to cleave SPs and found that SPs from other 
12 secretory proteins of E. coli indeed received in vivo cleavage in RseP-dependent manners.  Our 
results suggest that RseP is the enzyme responsible for the degradation of SPs in E. coli. 
 (1) Akiyama, Y., Kanehara, K, and Ito, K. (2004) EMBO J. 23, 434-4442 
 
5)   Identification and characterization of E. coli factors involved in membrane protein 
biogenesis and stress responses to its failure: T. HATTORI, H. MORI and Y. 
AKIYAMA 
 
While it is believed that extracytoplasmic stress response (ESR) in E. coli is induced in 
response to protein abnormalities in the periplasm and the outer membrane, we have shown that 
accumulation of abnormal cytoplasmic membrane proteins also activates ESR, indicating that E. 
coli senses and responds to ‘membrane stresses’.  To gain insights into the mechanism of the 
membrane stress responses, we isolated multi-copy suppressors against the secY351 mutation that 
specifically impairs folding/assembly processes of cytoplasmic membrane proteins and 
consequently activates ESR.  Screening of the ASKA E. coli gene library yielded 26 candidate 
plasmids that restored the temperature-sensitive growth of the secY351 mutant cells.   
Further analysis showed that some of them lowered the expressions of ESR reporter genes 
andpromoted membrane assembly of a model cytoplasmic membrane protein (SecY-PhoA3-3).  
These multi-copy suppressors could provide a useful clue to our understanding of the SecY function 
in membrane protein assembly as well as of the cellular mechanism of membrane stress recognition 
and response. 
 
6)  Induction of "extracytoplasmic" stress responses by an abnormal membrane protein: 
Y. AKIYAMA  
 
It is known that DegS is activated by interaction with a conserved C-terminal tri-peptide of 
outer membrane proteins (Omps), which triggers the proteolytic cascade to degrade RseA and to 
elicit the #E pathway extracytoplasmic stress response.  In addition to abnormality of Omps, that of 
several periplasmic and cytoplasmic membrane proteins that lack the Omp-specific, 
DegS-activating peptide are known to induce the #E-controlled gene expression.  However, 
mechanism of the latter modes of induction is unknown.  We found that expression of a truncated 
form of a multispanning cytoplasmic membrane protein (YhbX*) can activate #E in a 
DegS-independent manner. YhbX* also activated the Cpx pathway of the extracytoplasmic stress 
response. The YhbX*-provoked activation of #E requires RseP, the intact Cpx signal transduction 
system and DegP, a Cpx-regulated periplasmic protease.  It is further promoted by Skp, a 
periplasmic chaperone.  From our results we suggest the following scheme: (i) YhbX* activates the 
Cpx pathway; (ii) which upregulates DegP; (iii) DegP and Skp somehow cooperate to introduce an 
initial cleavage into RseA; (iv) RseP introduces the second cleavage into RseA, leading to the #E 
activation.  YhbX* also receives degradation by DegP.  Our findings revealed a DegS-independent 
mechanism of #E activation, in which the Cpx and the #E pathways crosstalk with each other and 
DegP/Skp is involved in the key regulatory proteolysis. 
 
7)  Structural analysis of FtsH, a membrane-bound, ATP-dependent protease by X-ray 
crystalography:  R. SUNO, Y. AKIYAMA, S. IWATA
1
 and M. YOSHIDA
2
 (1Graduate 
School of Medicine, Kyoto University, 2the Chemical Resources Laboratory, Tokyo 
Institute of Technology) 
 
ATP-dependent proteases are involved in various cellular processes including cell division, 
cell differentiation, signal transduction, and stress response in bacteria.  Among them, FtsH is 
unique in that it is membrane-embedded and growth-essential.  FtsH degrades not only 
misassembled subunits of membrane protein complexes for their quality control but also some 
short-lived cytosolic regulatory proteins.  FtsH comprises an N-terminal transmembrane segment 
and a C-terminal cytosolic region, which includes an AAA+ (ATPases associated with diverse 
cellular activities) and a protease domain.  Previously, we crystallized and determined the structure 
of an ADP-bound form of the soluble region of T. thermophilus FtsH (sFtsH) at 3.9 Å resolution.  
The FtsH soluble region has a hexameric structure, in which a substrate polypeptide could reach the 
protease catalytic sites through a tunnel leading from the AAA+ domain of the adjacent subunit, but 
not from the central axial region.  Recently, we succeeded in crystallizing sFtsH with several 
different ATP analogues. Diffraction data of up to 3.5 Å resolution have been collected with the 
beamline BL41 XU of Spring-8 at 100 K.  Now, we are analyzing these data to determine new 
crystal structures of sFtsH with bound ATP analogues, which will give important insights into the 
molecular coordination of the FtsH–mediated substrate translocation and proteolysis with the 
ATPase cycles. 
 
8)  Visualizing cellular nascent polypeptides: K. ITO
1
, S. CHIBA and Y. AKIYAMA 
(1Kyoto Sangyo University) 
 
Increasing evidence indicates that some proteins, such as SecM of E coli (1) and MifM of B. 
subtilis (2), function while they are still in the ribosome-associated nascent state.  They contain a 
conditional ribosome stalling sequence (3), which acts as a brake upon translation.  More generally, 
elongation speed of protein synthesis might be fine-tuned, contributing to certain co-translational 
event such as subcellular targeting, folding and assembly.  We envisage that it is important to 
extend the static proteomic information currently being collected in many organisms into more 
dynamic one, with sufficient temporal resolution to assess the event of nascent chain completion in 
relation to its folding or targeting.  To this end, we are developing an experimental system to 
visualize cellular nascent polypeptides.  Pulse-labeled E. coli proteins were first separated by 
SDS-PAGE under conditions that preserved peptidyl-tRNA molecules and then subjected to 
hydrolysis of the peptide-adenine ester linkage, followed by the second dimension electrophoresis.  
Thus, we were able to observe two lines of labeled materials representing completed full-length 
proteins and nascent polypeptides, the latter representing a dynamic "nascentome" of this organism.  
This system will enable us to investigate in vivo events of completion of specific as well as total 
proteins and genetic and physiological conditions affecting them. 
(1) Nakatogawa, H. and Ito, K. (2002) Cell 108, 629-636. 
(2) Chiba, S., Lamsa, A., and Pogliano, K. (2009) EMBO J. 28, 3461-3475. 
(3) Ito, K., Chiba, S. and Pogliano, K. (2010) Biochem. Biophys. Res. Commun., in press 
 
9)  Multiple translational arrest sites of MifM suggest the plasticity in the mechanism of 
regulated translational stalling: S. CHIBA, K. ITO
1
 and Y. AKIYAMA (1Kyoto Sangyo 
University) 
 
 Recent discoveries of Escherichia coli SecM (secretion monitor) and Bacillus subtilis MifM 
(membrane protein insertion/folding monitor) disclosed that living cells have evolved nascent 
polypeptide chains as monitors of protein translocation/insertion machineries (1, 2).  These nascent 
chain sensors undergo translational arrest, which is mediated by interaction between a specific 
C-terminal sequence motif of the nascent chain and the polypeptide exit tunnel of the ribosome, and 
is released when the N-terminal secretion (for SecM) or membrane integration (for MifM) 
determinant "senses" respective machinery and engages in the translocation/insertion reaction.  The 
translational arrest places the ribosome at a specific site on mRNA such that it prevents secondary 
structure formation of the mRNA, thereby allowing translation initiation of the target gene 
downstream of either secM or mifM.  Although translational arrest of SecM/MifM is accomplished 
in principle by interactions between the nascent chain and the ribosome, previous studies suggest 
that the PTC-proximal interaction plays essential role for the arrest by SecM.  In contrast, MifM 
seems to depend strongly on the PTC-distal interaction within the exit tunnel.  We performed 
cysteine scanning and chemical modification experiments to precisely determine the translational 
arrest point of MifM.  Our results revealed that translational arrest of MifM generates at least two 
polypeptidyl-tRNA species, MifM1-88-tRNA and MifM1-89-tRNA, in contrast to other previously 
reported nascent chain-mediated translational arrests, which normally generate a homogeneous 
translational arrest product (3).  This unique feature of MifM-mediated translational arrest may be 
attributed to a flexibility of the MifM nascent chain near the PTC, consistent with the idea that the 
PTC-distal interaction is crucially important for the translational arrest of MifM.  Our current data 
provide further evidence for the existence of divergent mechanisms to achieve nascent 
chain-mediated translational arrest (3).  
(1) Nakatogawa, H. and Ito, K. (2002) Cell 108, 629-636. 
(2) Chiba, S., Lamsa, A., and Pogliano, K. (2009) EMBO J. 28, 3461-3475. 
(3) Ito, K., Chiba, S. and Pogliano, K. (2010) Biochem. Biophys. Res. Commun., in press 
 
II. Second Group 
1) Analysis of Molecular Mechanism Underlying Keratin-Associated Protein 13-Induced 
Activation of Canonical Wnt Signaling Pathway: S. YANAGAWA 
 
Low-density lipoprotein receptor-related protein 6 (LRP6) is a component of cell-surface 
receptors for Wnt proteins and Wnt is known to promote recruitment of Axin by LRP6 thereby 
inhibiting !-catenin’s degradation. I found that Keratin associated protein (Krtap) 13, a 
cysteine-rich cytoplasmic protein which contains six tandem repeats of 10 amino acids with the CQ 
motif, binds to LRP6. Surprisingly, TCF-dependent-reporter assays in both HEK293T cells and 
Drosophila S2R+ cells revealed that Krtap13 overexpression markedly stimulates Wnt/Wingless 
signaling. Because Krtap13 never induced production of any Wnt proteins, it is likely that Krtap13 
activates Wnt signaling by mimicking some aspects of normal Wnt signal transduction. 
Krtap13-mediated activation of reporter activities were counteracted by Axin, suggesting that 
Krtap13 functions upstream of !-catenin. Actually, Krtap13 overexpression induced accumulation 
of !-catenin. 
In addition, I found that Krtap13 binds to both LRP6 and Dvl, another Wnt signaling 
effector and that Dvl is required for Krtap13-mediated activation of Wnt signaling. In line with 
these, overexpression of Krtap13 promoted Dvl-aggregates formation. On the other hand, Wnt 
treatment is known to induce plasma membrane–associated LRP6 aggregates (LRP6 signalosomes), 
which contain Dvl and Axin (Science 316, 1619-1622, 2007). Thus, a possible molecular 
mechanism underlying Krtap13-induced activation of Wnt signaling is to joint LRP6 and Dvls 
under the plasma-membrane and to induce co-clustering of these two molecules, thereby mimic 
function of LRP6 signalosomes. 
To analyze ectopic expression of Krtap13 in vivo, a project of production of transgenic mice 
expressing Krtap13 is now in progress. 
 
2) Mechanisms of the HPV-induced transformation: A. SATSUKA, N. KAJITANI, H. 
NAKAMURA and H. SAKAI 
 
In many reports on cancer research, the importance of the contact between the cancer stem 
cells and the microenvironments has been indicated. However, such study was not carried out with 
the cervical cancer. In the previous studies, it was suggested that HPV E6, E7, c-Myc, and H-ras 
were the key factors for the induction of the cancer stem cell in the cervical cancer. These factors 
might alter the microenvironment to be favorable for cancer development. 
We are investigating the interaction between the epithelial cells and the dermal cells in the 
HPV-positive cancer. To examine the effect of the cancer cells in fostering the cancer-associated 
fibroblasts (CAFs), HPV-positive cancer cells, SiHa, HeLa, and Caski, were applied to the 
organotypic raft culture, and the effects on the fibroblasts were analyzed by gene-expression 
profiling. CD44 and !-SMA might be used as the markers for the CAF induction. The effect of 
TGF" produced by CAFs on the EMT of normal and HPV-positive keratinocytes was also 
examined. These inter-cellular communications might be important for the progression of the 
cervical cancer.  
 
3) A novel human papillomavirus type18 replicon and its application in screening the 
anti-viral effects of cytokines: A. SATSUKA, S. YOSHIDA, N. KAJITANI, H. 
NAKAMURA and H. SAKAI 
 
Human papillomaviruses (HPVs) infect to the stratified epithelial organ. The infection 
induces benign tumors, which occasionally progress into malignant tumors. To elucidate the 
virus-induced tumorigenesis, an understanding of HPV life cycle is crucial. In this report, we 
developed a new system for the analysis of the HPV lifecycle. The new system consists of a novel 
HPV replicon and an organotypic “raft” culture, by which the HPV DNA is maintained stably in 
normal human keratinocytes for a long period and the viral vegetative replication is reproduced. It 
will promote the biochemical and genetic studies on the HPV lifecycle and the tumorigenesis. This 
system is also valuable in screening for the anti-viral compounds. We confirmed the usefulness by 
evaluating the anti-virus effect of cytokines. 
 
4) Molecular mechanism of bystander cell death induced by HIV-1 infected cells: H. 
NAKAMURA, A. SATSUKA, N. KAJITANI, S. YOSHIDA, K. SASAKI and H. 
SAKAI 
 
Human immunodeficiency virus type 1 (HIV-1) infection causes rapid CD4-positive T cells 
depletion that is one of the hallmarks of acquired immunodeficiency syndrome (AIDS). Although 
infection of HIV-1 directly causes the cell death, bystander apoptotic cell death is induced, resulting 
the massive loss of CD4-positive T cells in infected individuals. Thus, studying the biological 
mechanisms of bystander effect of infected cells is essential to understand AIDS pathogenesis.  
In order to investigate the molecular basis of bystander cell death induced by HIV-1 infected cells, 
we are intending to infect NL43 mutants containing single or combined deletions of Nef, Vif, Vpr, 
and Vpu, to CD4-positive T cells, and analyze whether or not these viral factors are involved in 
depletion of CD4-positive T cells. 
 
5) Identification of Novel Function of Human Papillomavirus E4: N. KAJITANI, A. 
SATSUKA, S. YOSHIDA, H. NAKAMURA, K. SASAKI and H. SAKAI 
 
HPV infection begins in the basal cells of the epithelium, and as these cells divide, 
differentiate, and migrate toward the surface of the epithelium, the virus is able to complete its life 
cycle. The viral life cycle depends on the differentiation of the epithelium, but how the life cycle is 
controlled is not well understood. It is interesting that viral oncoproteins cause the increase of 
cellular proliferation and/or transformation, but terminally cellular differentiation of epithelium is 
required for the viral life cycle is completed. 
The expression of E4 occurs in the upper layers of the epithelium, coordinating with the 
onset of viral genome amplification and the expression of viral late genes. It is known that E4 
disrupts the keratin networks. It is also known that E4 induces G2/M cell cycle arrest. But it is not 
known well about the details of E4. To investigate novel functions of E4, we performed yeast 
two-hybrid assays and got several candidate proteins as which interacts with E4.We carry on the 
analysis about the interactions between the each candidates and E4 in vitro or in vivo. In the future, 
we will ascertain the function of E4 and its involvement in viral life cycle. 
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DEPARTMENT OF VIRAL ONCOLOGY 
LABORATORY OF CELL REGULATION!
 
The universe of antigens recognized by T lymphocytes has recently been expanded to 
include not only protein antigens but also lipid antigens.  Unlike conventional MHC molecules that 
present protein-derived peptide antigens, molecules of the human group 1 CD1 family (CD1a, 
CD1b, CD1c) mediate presentation of lipid antigens to specific T lymphocytes.  By taking lipid 
chemical and immunological approaches and by developing appropriate animal models (human 
CD1 transgenic mice, guinea pigs, and non-human primates), we aim at determining how CD1 has 
been evolved to function critically in host defense against microbial infection and cancer.  Further, 
inappropriate immune responses to lipids may result in induction of allergy and autoimmune 
diseases.  These critical aspects of the newly recognized lipid-specific immunity have now been 
addressed in our laboratory. 
 
1)  Reconstitution of the human CD1 system in mice: T. KOMORI, D. MORITA, C. 
KOBAYASHI, I. MATSUNAGA, T. SHIINA
1




Mice and rats are useful animals for many immunological studies, but important 
exceptions exist.  These animals have deleted genes for group 1 CD1 family, and thus, lack the lipid 
recognition system that is comparable to that in humans.  Given the necessity of appropriate small 
animal models for monitoring CD1-mediated immune responses in vivo, we attempted to develop 
two distinct, but complementary, animal systems; namely, guinea pigs and CD1 transgenic mice.  
We have recently found that guinea pigs have evolved the CD1 system equivalent to that in humans, 
capable of mounting the CD1-restricted T cell response to mycobacterial lipids.  On the other hand, 
the paucity of critical reagents often hampers detailed analysis of CD1-mediated immune responses 
in guinea pigs.  As an alternative animal model, we established CD1 transgenic mice in which 
group 1 CD1-dependent immunity was reconstituted.  We generated CD1a transgenic mice carrying 
the human CD1A genome.  The expression of CD1a molecules in these mice was detected 
exclusively in epidermal Langerhans cells and immature thymocytes, thus precisely representing 
CD1a distribution in humans.  These mice has been used extensively for elucidation of many 
critical aspects of CD1a biology. 
 
2)  A novel form of DTH reactions to mycobacterial lipids: T. KOMORI, I. 
MATSUNAGA, H. HARASHIMA
1




In guinea pig models of infection with bacillus Calmette-Guerin (BCG), an attenuated 
vaccine strain of Mycobacterirum bovis, we obtained evidence for the delayed-type hypersensitivity 
(DTH) directed against lipid antigens.  Pathogenic mycobacteria produce glucose monomycolate 
(GMM), a glucosylated species of mycolic acids, by utilizing host-derived glucose as a substrate for 
mycolyltransferases.  The host CD1-based immunity detects these compounds and mount potent 
Th1-type T cell responses.  Given that Th1 cytokines, such as interferon-!, are critical for host 
defense against mycobacterial infection, GMM is now considered as a good candidate of 
lipid-based vaccines against tuberculosis and related diseases. 
 
3)  Lipid biology of dormant mycobacteria: T. URAKAWA, I. MATSUNAGA, M. 
SUGITA 
 
Control of latent tuberculosis, or infection with dormant mycobacteria, is one of the most 
critical challenges for global health.  Having established an experimental model of dormant 
mycobacteria, we now detect lipid biosynthesis that occurs preferentially in dormant mycobacteria.  
Candidate genes for enzymes that mediate production of these lipid components, and BCG bacteria 
that overexpress the candidate genes have been cloned, hoping to serve as a valuable model strain 
of dormant mycobacteria.  CD1-restricted T cell responses to these latent infection-specific lipid 
components have now been evaluated extensively in animal models. 
 







and M. SUGITA (
1
Laboratory of Primate Model, IVR) 
  
 By taking advantage of IVR’s superb research environments and close collaboration with 
Prof. Igarashi’s laboratory, this newly launched project addresses how CD1-dependent immunity 
functions in host defense against retrovirus infection.  We have finished delineating the CD1 system 
in monkeys, highlighting not only expected similarities but also unexpected differences between 
humans and monkeys.  We have now set out to analyze CD1-dependent immunity in SIV-infected 
monkeys and have identified an array of virus-derived lipidic molecules that the host immunity is 
able to recognize specifically. 
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 Apoptosis, or programmed cell death, plays an important role in many biological 
processes, including embryogenesis, development of immune system, maintenance of tissue 
homeostasis and elimination of virus-infected and tumor cells. We found cell surface Fas antigen 
(Fas), which can directly mediate apoptosis-inducing signals into cells by stimulation with agonistic 
anti-Fas mAbs or Fas ligand. Our main research project is to understand the intracellular signal 
transduction mechanism of cell death including apoptosis and caspase-independent novel types of 
cell death and the biological significance/physiological role of cell death and cell death-regulating 
molecules. Investigations of molecular mechanisms and physiological roles of cell death are 
important for a better understanding of mammalian immune system, embryogenesis and 
tumorigenesis. 
 
1) Interaction of FLASH with arsenite resistance protein 2 is involved in cell cycle 
progression at S phase: M. KIRIYAMA, Y. KOBAYASHI, M. SAITO, F. 
ISHIKAWA and S. YONEHARA 
 
FLASH has been shown to be required for S phase progression and to interact with a 
nuclear protein, ataxia-telangiectasia locus (NPAT), a component of Cajal bodies in the nucleus and 
an activator of histone transcription. We investigated the role of human FLASH by using an 
inducible FLASH-knockdown system in the presence or absence of various mutant forms of mouse 
FLASH. While carboxyl-terminal deletion mutants of FLASH, which do not interact with NPAT, 
can support S phase progression, its amino-terminal deletion mutants, which are unable to 
self-associate, cannot support S phase progression, replication-dependent histone transcription or 
formation of Cajal bodies. Furthermore, FLASH was shown to be associated with arsenite 
resistance protein 2 (ARS2) through its central region composed of only 13 amino acids. The 
expression of ARS2 and interaction between FLASH and ARS2 are required for S phase 
progression. Taken together, FLASH functions in S phase progression through interaction with 
ARS2. 
 
2) FLASH is indispensable for early embryonic development but dispensable for 
proliferation of ES cells: Y. MINAMIDA and S. YONEHARA 
 
 FLASH was identified in our laboratory as a caspase-8-associated protein. Recent 
studies have suggested that FLASH has a wide variety of functions such as in cell cycle 
progression, transcriptional activation, and histone expression. Physiological in vivo function of 
  
FLASH, however, has remained largely unclear. We analyzed a FLASH mutant mouse, which was 
generated by Lexicon Pharmaceuticals, Inc., using gene trapping technology. This mouse was 
turned out to be a FLASH promoter mutant, and the FLASH mutant allele was shown to express 
neither FLASH mRNA nor protein in most of organs except for testis. Heterozygous FLASH 
mutant mouse (FLASH
mut/+
) showed a normal phenotype; however, no homozygous newborn mice 
(FLASH
mut/mut
) was obtained by heterozygous intercrosses. In addition, FLASH
mut/mut
 mice were 
shown to die between E3.5 and E8.5. To further investigate this early embryonic lethality, we 
cultured blastocysts in vitro, showing that only homozygous FLASH mutant blastocysts could 
nether adhere to the gelatin-coated dish, nor hatch form their zona pellucida. These data suggest that 
FLASH mutant mouse dies around pre-implantation stage. To examine the function of FLASH in 
early embryogenesis, we generated inducible FLASH knockout ES cell clones using Cre-loxP 
system. Analyses of the clones indicate that FLASH is dispensable for proliferation of ES cells and 
is expressed in ES clones-derived dells with some lineages-specific markers. In addition, 
FLASH-deficient ES cells could differentiate to various types of cells in either neural, cardiac or 
trophoblast lineage. Collectively, FLASH was indicated to play an essential role in pre-implantation 
stage, while FLASH is not involved in proliferation or elemental differentiation of inner cell mass. 
  
3) An essential role of Wnt signals in the differentiation of mouse ES cells: A. 
MURAKAMI 
 
Wnt signals were reported to play an important role in the differentiation at the 
gastrulation stage during embryogenesis. We have been studying a role of Wnt signals in the 
differentiation process using mouse ES cells. The ES cells differentiate into three germ layers, 
endoderm, mesoderm and ectoderm, if cultured as a floating aggregate called an embryoid body. 
Among Wnt family members, we identified Wnt8a as well as Wnt3 as a signaling molecule 
essential for the mesoderm/endoderm induction. 
Knock down of Wnt3 expression by introducing the shRNA did not affect on neural differentiation, 
indicating that Wnt3 is not involved in the ectoderm induction. On the other hand, knock down of 
Wnt8a resulted in repression of the neuronal differentiation. Thus, it is likely that Wnt8a is involved 
in some stage(s) in the process from ectoderm induction to neuronal differentiation. A preliminary 
result has shown that Wnt8a is essential at the very early stage in the differentiation of ES cells. We 
are now analyzing its function at the stage in detail. 
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DEPARTMENT OF VIRAL ONCOLOGY 
LABORATORY OF HUMAN TUMOR VIRUSES 
 
1) Studies on the life cycle of blood-borne HCV using novel in vitro culture system : H. 
H. ALY, T. YAMGUCHI, Y. QI, K. SHIMOTOHNO and M. HIJIKATA 
 
Important progress in hepatitis C virus (HCV) research has been achieved since the recent 
development of the recombinant HCV JFH1 system. An efficient in vitro HCV replication system 
that can be used for the study of the life cycle of blood borne natural HCV from various patients, 
however, has not been established. Here, we describe the development of an in vitro system 
reproducing the life cycle of natural HCV using an immortalized primary human hepatocyte cell 
line that we previously established. We used a three-dimensional (3D) hollow fiber culture system 
that enabled us to observe not only the enhanced infectivity of natural HCV and its long-term 
replication but also the production of infectious particles. The patterns of proliferation and 
production of infectious particles varied among the different HCV strains tested. Using this in vitro 
infection system, we observed HCV strain-dependent events that reflect virus-cell interactions at the 
early phase of natural HCV infection, including apoptotic cell death and the stimulation of 
interferon-alpha production after infection. This in vitro system provides a significant tool for the 
analysis of virus-host interactions, and may allow the development of new anti-HCV strategies 
specific to various strains of natural HCV. 
 
2) Three dimensional culture of the immortalized human hepatocyte available of drug 
search and screening for blood-borne hepatitis C virus : H. H. ALY, K. 
SHIMOTOHNO and M. HIJIKATA 
 
Hepatitis C virus (HCV) is a serious health problem worldwide, with an estimated 3% 
infection of the world’s population. HCV standard therapy, however, is still insufficient for treating 
many patients, showing the requirement for the development of more effective anti-HCV agents. 
Due to the high polymorphism and sequence variability of natural HCV variants, the limited 
number of available recombinant HCV replication models may not be efficient for this study. Here 
the development of an in vitro system supporting the infection and replication of natural HCV from 
patient’s blood was demonstrated by using an immortalized primary human hepatocyte cell line 
cultured in a  three-dimensional (3D) thermoreversible gelation polymer culture system. This 
system made it possible for us to observe the enhanced infectivity and replication of natural HCV. 
Compared the gene expression profile of the cells cultured in 3D culture system with that in normal 
flat one, up regulation of several genes activated by peroxisome proliferators-activated receptor ! 
(PPAR!) signaling was observed.  Furthermore, the effect of PPAR! signaling on the modulation 
of HCV replication was also analyzed by this system,. This in vitro system provides significant 
information for the search and development of new anti-HCV strategies specific to various strains 
of natural HCV. 
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DEPARTMENT OF GENETICS AND MOLECULAR BIOLOGY 
LABORATORY OF MOLECULAR GENETICS 
 
1) Identification of Loss of Function Mutations in Human Genes Encoding RIG-I and 
MDA5: T. SHIGEMOTO, M. KAGEYAMA, R. HIRAI, M. YONEYAMA and T. 
FUJITA 
 
RIG-I and MDA5 are essential for detecting viral RNA and triggering antiviral responses, 
including production of type I IFN.  We analyzed the phenotype of non-synonymous mutants of 
human RIG-I and MDA5 reported in databases by functional complementation in cell cultures.  Of 
7 missense mutations of RIG-I, S183I, which occurs within the second CARD repeat, inactivated 
this domain and conferred a dominant inhibitory function.  Of 10 mutants of MDA5, 2 exhibited 
loss of function.  A non-sense mutation, E627*, resulted in deletion of the C-terminal region and 
dsRNA-binding activity.  Another loss of function mutation, I923V, which occurs within the CTD, 
did not affect dsRNA-binding activity, suggesting a novel and essential role for this residue in the 
signaling.  The A946T mutation of MDA5, which occurs within the CTD and has been implicated 
in type I diabetes by genetic analyses, affected neither dsRNA binding nor IFN gene activation.  
These results provide new insights into the structure-function relationship of RLRs as well as into 
human RLR polymorphisms and antiviral innate immunity. 
 
2)  Identification of the RNA Recognition Loop in C-terminal Domains of 
RIG-I and LGP2: K. TAKAHASI, H. KUMETA, N. TSUDUKI, M. YONEYAMA, 
R. HIRAI, R. NARITA, T. SHIGEMOTO, M. HORIUCHI, K. OGURA, T. 
FUJITA and F. INAGAKI  
 
 The RIG-I like receptor (RLR) comprises three homologues: RIG-I (Retionic acid 
inducible gene-I), MDA5 (Melanoma differentiation associated gene 5) and LGP2 (laboratory of 
genetics and physiology 2). Each RLR senses different viral infections by recognizing replicating 
viral RNA in the cytoplasm. The RLR contains a conserved C-terminal domain (CTD) which is 
responsible for the binding specificity to the viral RNAs including double stranded RNA (dsRNA) 
and 5’ phosphorylated single stranded RNA (5’ppp-ssRNA).  
Here, the solution structures of the MDA5 and LGP2 CTD domains were solved by NMR and 
compared with that of RIG-I CTD. The CTD domains have similar folds and similar basic surfaces 
to each other but there is a distinct structural feature of a RNA binding loop; The LGP2 and RIG-I 
CTD domains have a large basic groove, one bank of which is formed by the RNA binding loop but 
MDA5 exhibits an extensive open and flat surface. The NMR chemical shift perturbation study 
showed that dsRNA and 5’ppp-ssRNA are bound to the basic groove of RIG-I and LGP2 CTDs but 
much more weakly to the basic surface of MDA5 CTD, indicating that the conformation of the 
RNA binding loop is responsible for the sensitivity against the viral RNA. Mutation study of the 
basic surface and the conserved residues in the RNA binding loop supports the conclusion from the 
structure studies. Thus, the CTD is responsible for the binding affinity to the viral RNAs and 
determines the sensitivity of RLRs toward different virus. 
 
3)  RNA helicase encoded by melanoma differentiation-associated gene 5 is a 
major autoantigen in patients with clinically amyopathic dermatomyositis: 
association with rapidly progressive interstitial lung disease: S. SATO, K. 
HOSHINO, T. SATOH, T. FUJITA, Y. KAWAKAMI, T. FUJITA and M. 
KUWANA 
 
Objective. To identify novel autoantibodies specific for dermatomyositis (DM), especially those 
specific for clinically amyopathic DM (C-ADM).  
Methods. Autoantibodies were analyzed by immunoprecipitation in 298 serum samples from 
patients with various connective tissue diseases (CTDs) or idiopathic pulmonary fibrosis (IPF). 
Antigen specificity of the sera was further examined by immunoblotting and indirect 
immunofluorescence (IF). The disease specificity and clinical features associated with the antibody 
of interest were determined.  
Results. Eight sera recognized a polypeptide of ~140 kd (CADM-140 autoantigen) by 
immunoprecipitation and immunoblotting. Immunoreactivity was detected in the cytoplasm, and 
indirect IF revealed a granular or reticular pattern. Anti–CADM-140 antibodies were detected in 8 
of 42 patients with DM, but not in patients with other CTDs or IPF. Interestingly, all 8 patients with 
anti–CADM-140 antibodies had C-ADM. Among 42 patients with DM, those with 
anti–CADM-140 autoantibodies had significantly more rapidly progressive interstitial lung disease 
(ILD) when compared with patients without anti–CADM-140 autoantibodies (50% versus 6%; P= 
0.008). 
Conclusion. These results indicate that the presence of anti–CADM-140 autoantibodies may be a 
novel marker for C-ADM. Further attention should be directed to the detection of rapidly 
progressive ILD in those patients with anti–CADM-140 autoantibodies. 
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In eukaryotic cells, genes are usually separated by introns into multiple exons that should be 
spliced together. In addition, the cell itself is separated by the nuclear envelope into two major 
compartments, the nucleus and the cytoplasm. These two types of separations necessitate specific 
gene expression mechanisms such as RNA splicing and nuclear transport. Prof. Mutsuhito OHNO’s 
laboratory is studying various aspects of eukaryotic gene expression with great emphasis on “RNA” 
as a key molecule. In addition, Assistant Prof. Kitabatake’s subgroup is focusing on quality control 
mechanisms of ribosome particles. 
 
1) RNA distribution in the cell: I. TANIGUCHI, H. KIRIU, T. SUZUKI, A. 
MCCLOSKEY, R. TAKEMURA, K. AKIISHI, T. TAKEIWA and H. IZUMI 
 
1-1) Identity elements used in mRNA export 
  Different RNA species, such as tRNAs, U snRNAs, mRNAs and rRNAs, utilize distinct export 
pathways, i.e., distinct sets of export factors. Accumulating evidence shows that the pathway of 
RNA export can influence the fate of a given RNA in the cytoplasm, indicating the biological 
importance of the choice of RNA export pathway. This means that the cellular export machinery 
must be able to discriminate distinct RNA species, and therefore each RNA species should have 
identifying features that specify its export pathway ("identity elements"). We are mainly focusing 
on mRNAs and performing a systematic search for identity elements used in export of mRNAs. To 
this end, we make various chimeric RNAs between mRNA and U1 snRNA, and look for RNA 
features that make the chimeric RNAs behave like an mRNA rather than a U snRNA in nuclear 
export process. 
 
1-2) Molecular mechanisms for nuclear retention of intron-containing mRNA precursors 
Intron-containing pre-mRNAs are normally retained in the nucleus until they are spliced to 
produce mature mRNAs that are exported to the cytoplasm. The nuclear retention of pre-mRNAs is 
essential for proper gene expression. It secures pre-mRNAs to be efficiently spliced since splicing 
mainly occurs in the nucleus. It also secures pre-mRNAs not to be translated since translation of 
pre-mRNAs would possibly produce toxic abnormal proteins for the cell. However, the nuclear 
retention mechanisms of pre-mRNAs are not well understood (reviewed in 3, 4). We are trying to 
understand such mechanisms. 
 
2) rRNA quality control mechanisms: M. KITABATAKE, A. MIYATA, K. FIJII and 
T. SAKATA 
   How the eukaryotic cells deal with non-functional RNA molecules that were either mutated or 
damaged? We are searching for novel RNA quality control mechanisms in mammalian and yeast 
cells by mainly focusing on ribosomal RNAs. 
! Quality control mechanisms operate in various steps of ribosomal biogenesis to ensure the 
production of functional ribosome particles. It was previously reported that mature ribosome 
particles containing nonfunctional mutant rRNAs are also recognized and selectively removed by a 
cellular quality control system (nonfunctional rRNA decay; NRD). Here, we show that the NRD of 
25S rRNA requires a ubiquitin E3 ligase component Rtt101p and its associated protein Mms1p, 
previously identified as factors involved in DNA repair. We revealed that a group of proteins 
associated with nonfunctional ribosome particles are ubiquitinated in a Rtt101-Mms1-dependent 
manner. 25S NRD was disrupted when ubiquitination was inhibited by the overexpression of 
modified ubiquitin molecules, demonstrating a direct role for ubiquitin in this pathway. These 
results uncovered an unexpected connection between DNA repair and the quality control of rRNAs. 
Our findings support a model in which responses to DNA and rRNA damages are triggerd by a 
common ubiquitin ligase complex, during genotoxic stress harmful to both molecules 
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1) Overlapping in short motif sequences for binding to human REV7 and MAD2 
proteins: T. HANAFUSA, T. HABU1, J. TOMIDA1, E. OHASHI2, Y. MURAKUMO3 
and H. OHMORI (1Radiation Biology Center, Kyoto University, 2Kyushu University, 
3Nagoya University) 
!
!!!!!!!!!Pol!, a DNA polymerase specialized for trans-lesion DNA synthesis (TLS), is 
comprised of two subunits, the REV3 catalytic subunit and the REV7 accessory subunit. The 
human REV7 (hREV7) protein is known to interact with hREV3, hREV1 (another TLS protein) and 
some other proteins such as ADAM9 and ELK-1. hREV7 is alternatively termed hMAD2L2, 
because its primary sequence shows 26% identity to that of hMAD2 that plays crucial roles in 
spindle assembly checkpoint (SAC) via interactions with hMAD1 or hCDC20. Here we have 
investigated the molecular basis for the interactions of hREV7/MAD2L2 and hMAD2 with their 
binding partners. Our results revealed that a short sequence of hREV3 is necessary and sufficient 
for interaction with hREV7. Surprisingly, hMAD2 also binds to the hREV7-binding sequence in 
hREV3, while hMAD2 does not bind to a similar sequence in ADAM9 or ELK-1 and hREV7 does 
not bind to the hMAD2-binding sequence in hMAD1 or hCDC20. We discuss how hREV7 and 
hMAD2 recognize their binding partners, and how hREV3 and hREV7 might be involved in SAC.  
Ref. Hanafusa et al., Genes Cells, in press. 
!
2) Separate roles of structured and unstructured regions of Y-family DNA 
polymerases: H. OHMORI. T. HANAFUSA, E. OHASHI1 and C. VAZIRI2 (1Kyushu 
University, !University of North Carolina"USA) 
!
All organisms have multiple DNA polymerases specialized for translesion DNA synthesis 
(TLS) on damaged DNA templates. Mammalian TLS DNA polymerases include Pol ", Pol #, Pol $ 
and Rev1 (all classified as ‘Y-family’ members) and Pol ! (a ‘B-family’ member). Y-family DNA 
polymerases have highly structured catalytic domains; however, some of these proteins adopt 
different structures when bound to DNA (such as archaeal Dpo4 and human Pol $), while others 
maintain similar structures independently of DNA binding (such as archaeal Dbh and S. cerevisiae 
Pol " . DNA binding-induced structural conversions of TLS polymerases depend on flexible 
regions present within the catalytic domains. In contrast, non-catalytic regions of Y-family proteins, 
which contain multiple domains and motifs for interactions with other proteins, are predicted to be 
mostly unstructured, except for short regions corresponding to ubiquitin-binding domains. We 
discussed how the organization of structured and unstructured regions in TLS polymerases is 
relevant to their regulation and function during lesion bypass. 
 
3) Structural basis for novel interactions between human translesion synthesis 
polymerases and proliferating cell nuclear antigen. A. HISHIKI1, H. HASHIMOTO1, 
T. HANAFUSA, K. KAMEI, E. OHASHI, T. SHIMIZU1, H. OHMORI and M. 
SATO1 (1Yokohama City University) 
 
Translesion synthesis (TLS) is a DNA damage tolerance mechanism that allows 
continued DNA synthesis, even in the presence of damaged DNA templates. Mammals have 
multiple DNA polymerases specialized for TLS, including Pol", Pol#, and Pol$. These enzymes 
show preferential bypass for different lesions. Proliferating cell nuclear antigen (PCNA), which 
functions as a sliding clamp for the replicative polymerase Pol%, also interacts with the three TLS 
polymerases. Although many PCNA-binding proteins have a highly conserved sequence termed the 
PCNA-interacting protein box (PIP-box), Pol", Pol# and Pol$ have a noncanonical PIP-box 
sequence. In response to DNA damage, Lys-164 of PCNA undergoes ubiquitination by the 
RAD6-RAD18 complex, and the ubiquitination is considered to facilitate TLS. Consistent with this, 
these three TLS polymerases have one or two ubiquitin binding domains and are recruited to 
replication forks via interactions with ubiquitinated PCNA involving the noncanonical PIP-box and 
ubiquitin-binding domain. However, it is unclear how these TLS polymerases interact with PCNA. 
To address the structural basis for interactions between different TLS polymerases and PCNA, we 
determined crystal structures of PCNA bound to peptides containing the noncanonical PIP-box of 
these polymerases. We showed that the three PIP-box peptides interact with PCNA in different 
ways, both from one another and from canonical PIP-box peptides. Especially, the PIP-box of Pol# 
adopts a novel structure. Furthermore, these structures enable us to speculate how these TLS 
polymerases interact with Lys-164-monoubiquitinated PCNA. Our results provide clues to 
understanding the mechanism of preferential recruitment of TLS polymerases to the stalled forks. 
 
4) Interaction with DNA polymerase "  is required for nuclear accumulation of REV1 
and suppression of spontaneous mutations in human cells: J. AKAGI1, C. 
MASUTANI1, Y. KATAOKA1, T. KAN, E. OHASHI, T. MORI2, H. OHMORI and F. 
HANAOKA1 (1Osaka University, 2Nara Medical University)  
 
Defects in the gene encoding human Pol"!result in xeroderma pigmentosum variant 
(XP-V), an inherited cancer-prone syndrome. Pol" catalyzes efficient and accurate translesion DNA 
synthesis (TLS) past UV-induced lesions. In addition to Pol", human cells have multiple TLS 
polymerases such as Pol#, Pol$, Pol! and REV1. REV1 physically interacts with other TLS 
polymerases, but the physiological relevance of the interaction remains unclear. We developed an 
antibody that detects the endogenous REV1 protein and found that human cells contain about 
60,000 of REV1 molecules per cell as well as Pol". In un-irradiated cells, formation of nuclear foci 
by ectopically expressed REV1 was enhanced by the co-expression of Pol". Importantly, the 
endogenous REV1 protein accumulated at the UV-irradiated areas of nuclei in Pol"-expressing 
cells but not in Pol"-deficient XP-V cells. UV-irradiation induced nuclear foci of REV1 and Pol" 
proteins in both S-phase and G1 cells, suggesting that these proteins may function both during and 
outside S phase. We reconstituted XP-V cells with wild-type Pol" or with Pol" mutants harboring 
substitutions in phenylalanine residues critical for interaction with REV1. The 
REV1-interaction-deficient Pol" mutant failed to promote REV1 accumulation at sites of 
UV-irradiation, yet (similar to wild-type Pol") corrected the UV sensitivity of XP-V cells and 
suppressed UV-induced mutations. Interestingly however, spontaneous mutations of XP-V cells 
were only partially suppressed by the REV1-interaction deficient mutant of Pol". Thus, Pol"-REV1 
interactions prevent spontaneous mutations, probably by promoting accurate TLS past endogenous 
DNA lesions, while the interaction is dispensable for accurate Pol"-mediated TLS of UV-induced 
lesions. 
!
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Our laboratory has made two major achievements. First, we have found that fetal and 
adult hematopoietic stem cells have different developmental potential to differentiate into 
lymphocytes. Second, we have demonstrated that interleukin-7 (IL-7) controls DNA recombination 
of lymphocyte antigen receptor genes by changing chromatin structure. Both of them are related 
with fundamental questions in medicine and biology. 
Based on these findings, we are now pursuing research on development and regulation of 
the immune system, focusing on the following questions: (1) control mechanism of lymphocyte 
antigen receptor genes by IL-7; (2) regulation of immune response by IL-7 receptor (IL-7R) 
expression; and (3) distribution and function of IL-7-producing cells in lymphoid organs. 
 
1) Activation of the mouse TCR!  enhancers by STAT5: S. TANI-ICHI and K. IKUTA 
 
The IL-7R controls local accessibility of joining (J) ! gene segments in the mouse T cell 
receptor (TCR) ! locus by recruiting signal transducers and activators of transcription (STAT) 5 and 
transcriptional coactivators to the J! germline promoters and inducing histone acetylation and 
germline transcription. Because STAT consensus motifs are conserved not only in the J! promoters 
but also in the TCR! 3’ enhancer (E!) elements, it is possible that STAT5 interacts with and 
activates E!. To address this question, we first showed that the lysine 4 residue of H3 histone is 
substantially methylated at E!1 and E!4 elements in wild-type early thymocytes and that the levels 
of the methylation are reduced in IL-7R "-chain (IL-7R")-deficient mice. We also showed that 
STAT5 has potential to elevate histone acetylation of the E! elements in a cytokine-dependent cell 
line by cytokine stimulation. Next, we demonstrated that STAT5 is recruited to the STAT 
consensus motifs in the E! elements after cytokine stimulation and that transcription factors Runt-
related (Runx) and c-Myb are constitutively recruited to E!. Furthermore, we showed that STAT5 
augments basal E! activity controlled by Runx and c-Myb. These results suggest that STAT5 is 
recruited to the consensus motifs in the E! elements by cytokine stimulation and augments basal E! 
activity independently of Runx and c-Myb. Therefore, this study implies that the E! elements might 
be activated in two successive steps, first by Runx and c-Myb and next by STAT5. 
 
2) Accessibility control of TCR V!  region by STAT5: S. TANI-ICHI and K. IKUTA 
 
The signal of the IL-7R and STAT5 plays an essential role in !# T cell development by 
inducing V-J recombination in the TCR! locus. Previously, we have shown that STAT5 binds to the 
J! promoters and controls chromatin accessibility by histone acetylation. However, little is known 
on control mechanism of V! region by the IL-7R. To elucidate the regulation by STAT5, we first 
analyzed the chromatin status of V! region in primary thymocytes. The levels of histone H3 
acetylation are high at V!5, HsA element and V!2 in Rag2-/- thymocytes but low in IL-7R"-
deficient early thymocytes, suggesting that IL-7R signaling controls the accessibility of the V! 
region. In addition, high levels of histone H3 acetylation and germline transcription were induced at 
V!5 and HsA by cytokine and STAT5 in cytokine-dependent Ba/F3 and other hematopoietic cell 
lines. Importantly, the chromatin accessibility of V!5 gene is increased by cytokine signal. 
Furthermore, STAT5 was not recruited to a non-canonical STAT-binding motif in the V!5 promoter 
by cytokine stimulation in vivo, while STAT5 binds to a consensus motif in the HsA element. In 
accordance with this result, STAT5 does not directly activate the V!5 promoter by reporter assay. 
These results suggest that while STAT5 directly binds to HsA element and induces its histone 
acetylation, STAT5 indirectly activates the V!5 promoter. Thus, this study implies a potential role 
of STAT5 in accessibility control of the V! region, especially at V!5 and HsA. 
 
3) IL-7R controls differentiation of CD8 T cells and maintenance of peripheral T cells: 
S. TANI-ICHI, A. ABE and K. IKUTA 
 
The IL-7R is essential for differentiation and survival of T cells. We previously showed 
that IL-7R"-deficient mice have severely reduced numbers of "$ T cells and completely lack !# T 
cells. However, the role of the IL-7R is not precisely determined in late stages of T cell 
development, because IL-7R"-deficient mice have profound detrimental effects on early 
thymocytes. To address this question, we established IL-7R"-floxed mice and crossed with CD4-
Cre transgenic mice. In thymus, total cell numbers of CD4-Cre x IL-7R"flox/flox mice were similar to 








, CD4 single positive (SP) cells and 
!# T cells were not affected, the numbers of mature CD8 SP cells were markedly reduced in CD4-
Cre x IL-7R"flox/flox thymus. In periphery, although CD4-Cre x IL-7R"flox/flox mice have comparable 
numbers of lymph nodes and Peyer’s patches to control mice, there were a selective loss of CD4 
and CD8 T cells and a selective gain of !# T cells. These data demonstrate that the IL-7R is 
essential for differentiation of CD8 T cells in thymus and maintenance of naive CD4 and CD8 T 
cells in periphery. 
 
4) Distribution of IL-7-expressing cells in lymphoid tissues: T. HARA, S. TANI-ICHI 
and K. IKUTA 
 
IL-7 is an essential cytokine for lymphocyte development and survival produced by 
mesenchymal and epithelial cells in lymphoid organs. However, little is known about the precise 
nature and distribution of IL-7-expressing cells in vivo. To address this question, we established IL-
7-GFP knock-in mice. We found that the majority of thymic epithelial cells (TEC) express GFP in 
the cortex and medulla. A large number of cortical TEC express GFP at high levels, while most 
medullary TEC express GFP at low levels. Their expression levels decrease gradually with aging. 
In the lymph node paracortex, fibroblastic reticular cells (FRC) express GFP at intermediate levels. 
In addition, we detected high levels of GFP expression in lymphatic endothelial cells at the 
medullary sinus. In the spleen, FRC scattered in the white pulp express GFP at low levels. 
Moreover, we found intermediate levels of GFP expression in the stromal cells lining the marginal 
zone and surrounding central arterioles. In the bone marrow, some VCAM-1
+
 stromal cells express 
GFP at high levels. In the colon, some epithelial cells express high levels of GFP. Thus, the IL-7-
GFP knock-in mouse reveals unreported types of IL-7-expressing cells and provides a powerful tool 
to analyze the IL-7-niche in the lymphoid organs. 
 
5) Local function of IL-7 produced by thymic and epidermal epithelial cells: T. HARA, 
B. LIANG, S. TANI-ICHI and K. IKUTA 
 
IL-7 is an essential cytokine for lymphocyte development and survival produced by 
epithelial and mesenchymal cells. However, little is known about the local function of IL-7 
produced by each cell type in the thymus and epidermis. To address this question, we established 
IL-7-floxed mice and firstly crossed with FoxN1-Cre transgenic (Tg) mice to obtain the conditional 
knockout mice deficient in IL-7 production from TEC. FoxN1-Cre x IL-7
flox/flox
 mice showed 15-
fold reduced numbers of thymocytes compared with control mice. In addition, !# T and NKT cells 
are similarly reduced. Interestingly, the reduction and phenotype are less severe than IL-7
-/-
 mice 
(50-fold reduction), suggesting the possibility that IL-7 produced by mesenchymal cells might play 
a minor role. In the spleen, the numbers of T cells are partially restored in FoxN1-Cre x IL-7
flox/flox
 
mice, indicating homeostatic expansion in the periphery. Therefore, these results suggest that IL-7 
produced from TEC plays a major role in proliferation and survival of thymocytes. Next, we 
crossed the IL7-floxed mice with keratin 5 (K5)-Cre Tg mice to obtain the conditional knockout 
mice deficient in IL-7 production from epidermal epithelial cells. K5-Cre x IL-7
flox/flox
 mice showed 
similar numbers of Thy-1
+
 dendritic epidermal !# T cells to control mice. This result suggests that 
IL-7 produced by epidermal epithelial cells is dispensable for maintenance of !# T cells in the 
epidermis. 
 







Shiga University of Medical Science) 
 
Calreticulin (CRT) is the protein, molecular weight of which was reported to be 40 KD as 
the maturated form, widely found in urogenital organs. We have reported the expression of CRT in 
the unspliced form of 55 KD in the bladder cancer tissues (Kageyama et al. Clinical Chemistry, 
2004). CRT of unspliced form was also found in urine from patients. CRT of 55 KD was 
considered to be a useful marker of urogenital cancer. We tried to introduce the assay system of 55 
KD CRT by producing the monoclonal antibodies specifically reactive to 55 KD (full length form) 
CRT and 40 KD (spliced form) CRT respectively. 55 KD CRT was immunized to BALB/c mice, 
and spleen cells from mice were fused with myeloma cells. Seven clones producing IgG reactive to 
CRT were obtained. Two clones were reactive to only 55 KD CRT, and 5 clones were reactive to 
55 KD and 40KD CTR. We now try to make the assay system of CRT in the urine of cancer 
patients with these monoclonal antibodies. 
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DEPARTMENT OF BIOLOGICAL RESPONESE 
LABORATORY OF INFECTION AND PREVENTION 
 
1) Thioredoxin Regulates Cell Cycle via the ERK1/2-Cyclin D1 Pathway: M.  
MOCHIZUKI, Y.W. KWON, J. YODOI and H. MASUTANI 
 
Thioredoxin (TRX) is a key component of redox regulation and has been indicated to play 
an essential role in cell survival and growth. Here, we investigated the molecular mechanism of 
TRX in the regulation of cell survival and growth by using RNA interference (RNAi) in A549 lung 
cancer and MCF7 breast cancer cells. TRX knockdown did not significantly increase the basal level 
of cell death without exposure to stress, but CDDP-induced cell death was enhanced. Meanwhile, 
TRX knockdown resulted in significant cell-cycle arrest at the G(1) phase. Cyclin D1 expression 
was reduced by TRX knockdown at the protein and mRNA levels. TRX knockdown caused 
suppression of activation of the cyclin D1 promoter through elements including AP-1. TRX 
knockdown also reduced the levels of phosphorylated ERK1/2 and the nuclear translocation of ERK 
1/2 induced by EGF. These results suggest that TRX is an important regulator of the cell cycle in 
the G(1) phase via cyclin D1 transcription and the ERK/AP-1 signaling pathways. 
 
2)     Direct association of thioredoxin-1 (TRX) with macrophage migration inhibitory  
factor (MIF): regulatory role of TRX on MIF internalization and signaling: A. SON,  
N. KATO, T. HORIBE, Y. MATSUO, M. MOCHIZUKI, A. MITSUI, K.  
KAWAKAMI, H. NAKAMURA and J. YODOI 
 
Thioredoxin-1 (TRX) is a small (14 kDa) multifunctional protein with the redox-active site 
Cys-Gly-Pro-Cys. Macrophage migration inhibitory factor (MIF) is a 12 kDa cytokine belonging to 
the TRX family. Historically, when we purified TRX from the supernatant of ATL-2 cells, a 12 kDa 
protein was identified along with TRX, which was later proved to be MIF. Here, we show that TRX 
and MIF form a complex in the cell and the culture supernatant of ATL-2 cells. Using a BIAcore 
assay, we confirmed that TRX has a specific affinity with MIF. We also found that extracellular 
MIF was more effectively internalized into the ATL-2 cells expressing TRX on the cell surface, 
than the Jurkat T cells which do not express surface TRX. Moreover, anti-TRX antibody blocked 
the MIF internalization, suggesting that the cell surface TRX is involved in MIF internalization into 
the cells. Furthermore, anti-TRX antibody inhibited MIF-mediated enhancement of TNF-alpha 
production from macrophage RAW264.7 cells. These results suggest that the cell surface TRX 
serves as one of the MIF binding molecules or MIF receptor component and inhibits MIF-mediated 
inflammatory signals. 
 
3) Thioredoxin-binding Protein-2 Deficiency Enhances Methionine-Choline Deficient  
Diet-induced Hepatic Steatosis but Inhibits Steatohepatitis in Mice: M.K. AHSAN,  
H. OKUYAMA, Y. HOSHINO, S. OKA, H. MASUTANI, J. YODOI and H.  
NAKAMURA 
 
In nonalcoholic fatty liver disease, oxidative stress is believed to play a crucial role as a 
second-hit for the progression of simple steatosis to steatohepatitis. Thioredoxin (TRX) is a potent 
antioxidant molecule that exerts anti-apoptotic and anti-inflammatory functions. TRX-binding 
protein-2 (TBP-2) is an endogenous negative regulator of TRX. Deficiency of TBP-2 in mice 
causes hyperlipidemia, hepatic steatosis, hypoglycemia, and bleeding tendency, resembling Reye 
syndrome in a fasting/glucose-deficient state. The aim of this study was to investigate the role of 
TBP-2 in the development of nonalcoholic steatohepatitis (NASH). TBP-2-deficient (TBP-2(-/-)) 
and wild-type (WT) mice were fed either a normal or methionine-choline-deficient (MCD) diet for 
up to 10 weeks. Compared with WT mice, TBP-2(-/-) mice showed severe simple steatosis rather 
than steatohepatitis. However, oxidative stress determined by lipid peroxidation and DNA damage, 
neutrophil infiltration, and hepatic fibrosis were attenuated in TBP-2(-/-) mice. PCR analysis 
showed the expressions of fibrosis-inducing and inflammatory cytokine-related genes were less in 
TBP-2(-/-) mice. Moreover, leptin, SREBP1c, PPARgamma, and adipogenesis-lipogenesis-related 
genes were upregulated in TBP-2(-/-) mice. These results strongly suggested that TBP-2 might be 
involved in pathogenesis of NASH in WT mice, and inhibitors of TBP-2 could be useful in the 
prevention or treatment of NASH. 
 
4) Thioredoxin binding protein 2 modulates natural killer T cell-dependent innate  
immunity in the liver: possible link to lipid metabolism: H. OKUYAMA, T.  
YOSHIDA, A. SON, S. OKA, D. WANG., R. NAKAYAMA, H. MASUTANI,  
H. NAKAMURA, Y. NABESHIMA and J. YODOI 
 
Thioredoxin binding protein 2 (TBP2) plays a regulatory role in lipid metabolism and 
immune regulation. We previously reported the effect of TBP2 loss-of-function on lipid metabolism 
using TBP2 knockout (TBP2KO) mice. In this study, we employed TBP2 transgenic (TBP2TG) 
mice to analyze the in vivo effect of TBP2 gain-of-function. We revealed a decrease in the 
percentage of hepatic natural killer T (NKT) cells in TBP2KO mice and an increase in the 
percentage of hepatic NKT cells in TBP2TG mice. The TBP2KO mice were resistant to 
concanavalin A (ConA)-induced hepatitis, but they were highly susceptible to other types of 
hepatitis. TBP2 modulates lipid metabolism as well as NKT cell activity. Moreover, TBP2 
expression was increased significantly in klotho-deficient mice, which exhibit a syndrome 
resembling aging human phenotypes. TBP2 may play multiple roles in lipid metabolism, innate 
immunity, and aging. 
 
5) Physical and functional interaction of transmembrane thioredoxin-related protein  
with major histocompatibility complex class I heavy chain: redox-based protein  
quality control and its potential relevance to immune responses: Y. MATSUO,  
H. MASUTANI, A. SON, S. KIZAKA-KONDOH and J. YODOI 
 
In the endoplasmic reticulum (ER), a variety of oxidoreductases classified in the 
thioredoxin superfamily have been found to catalyze the formation and rearrangement of disulfide 
bonds. However, the precise function and specificity of the individual thioredoxin family proteins 
remain to be elucidated. Here, we characterize a transmembrane thioredoxin-related protein (TMX), 
a membrane-bound oxidoreductase in the ER. TMX exists in a predominantly reduced form and 
associates with the molecular chaperon calnexin, which can mediate substrate binding. To 
determine the target molecules for TMX, we apply a substrate-trapping approach based on the 
reaction mechanism of thiol-disulfide exchange, identifying major histocompatibility complex 
(MHC) class I heavy chain (HC) as a candidate substrate. Unlike the classical ER oxidoreductases 
such as protein disulfide isomerase and ERp57, TMX seems not to be essential for normal assembly 
of MHC class I molecules. However, we show that TMX-class I HC interaction is enhanced during 
tunicamycin-induced ER stress, and TMX prevents the ER-to-cytosol retrotranslocation of 
misfolded class I HC targeted for proteasomal degradation. These results suggest a specific role for 
TMX and its mechanism of action in redox-based ER quality control. 
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DEPARTMENT OF CELL BIOLOGY 
LABORATORY OF SUBCELLULAR BIOGENESIS 
 
1) Genome-wide screening of the kinases required for the control of cell division axis:  







and F. TOYOSHIMA (
1





Graduate School of Biostudies, Kyoto University) 
 
Proper spindle orientation, which is crucial for the determination of cell division axis, 
plays an essential role in the determination of cell fate and tissues architecture.  Despite the 
proposal that it has an important function in tissue organization in mammals, the mechanisms 
regulating spindle orientation have been little studied outside of the invertebrates S. cerevisiae, C. 
elegens and Drosophila. We have previously shown that in non-polarized cultured adherent cells, 
the !1 integrin-mediated cell-ECM adhesion orients the mitotic spindles along the axis parallel to 
the place of cell-ECM adhesion, which allows the cells to divide parallel to the substratum. A recent 
report has revealed that !1 integrin plays an important role for the determination of the spindle 
orientation in the basal epidermal cells of mouse skin. However, the molecular mechanisms for the 
integrin-dependent spindle orientation control are largely unknown. We performed a genome-wide 
screening of kinases required for the spindle orientation in HeLa cells by using the siRNA library 
which covers 719 human kinases and kinase-related genes. In the first screening, we scored the 
spindle orientation of each metaphase cell in a 3-point scale and identified 31 genes as candidates. 
Then, 31 genes were subjected to the 2nd screening. In the 2nd screening, to quantify the spindle 
orientation, we measured the angle between the axis of the spindle and that of substratum in 
metaphase cells. We newly developed an image analyzing software, which automatically detects 
two poles of mitotic spindles from a series of Z stack images and calculate the spindle angle. We 
identified 5 genes that are required for the proper spindle orientation in HeLa cells. Inhibition of 
one of the kinases by the specific chemical inhibitors results in the spindle misorientation in both 
HeLa cells and in the epithelial cells in the mouse skin, suggesting that this kinase plays an essential 
role in the spindle orientation not only in the cultured cells but also in the mouse epithelium.  
 
2) Roles of cholesterol in the progression of mitosis:  M. HAMASAKI and F. 
TOYOSHIMA 
 
The plasma membranes of mammalian cells composed of many kinds of lipids, including 
phospholipids, sphingolipids and cholesterol. We have previously shown that 
phosphatidylinositol-3,4,5-triphosphate (PtdIns(3,4,5)P3)- plays an essential role in the control of 
spindle orientation during mitosis in HeLa cells. In this year, we have been investigating the roles of 
cholesterol in the progression of mitosis. We have found that depletion of cholesterol with methyl-! 
–cyclodextrin, results in the increases of the proportion of the mitotic cells with multipolar spindles. 
Moreover, knockdown of squalene synthase, an enzyme essential for the de-novo synthesis of 
cholesterol, and/ or LDL receptors, also induced multipolar spindles. These results suggest that the 
cholesterol and/or its metabolites regulate the spindle formation during mitosis. 
 
3) Regulation of the integrin traffic by mitotic regulators:  K. IKAWA, S. 
MATSUMURA, M. FUKUDA
1
 and F. TOYOSHIMA (
1
Department of Developmental 
Biology and Neurosciences, Tohoku University) 
 
Integrins, which are the major cell surface adhesion receptors for ligands in the 
extracellular matrix, are internalized by endocytosis and recycled to cell surface through recycling 
endosomes. This integrin traffic is important for cell migration and cancer cell invasion. However, 
the molecular mechanisms for the integrin traffic are poorly understood. We have found that a 
kinase, which is well known as a mitotic regulator, controls the integrin traffic. Treatments of HeLa 
cells with the inhibitor for this kinase cause the enlargement of the integrin-signal dots within the 
cells. Moreover, knockdown of the kinase by siRNA results in the changes in the shape of the 
integrin-containing vesicles, which can be discerned by allowing the cells to internalize the 
antibodies against !1-integrins. We are now investigating how the kinase regulates the integrin 
traffic and whether it is involved in the cell migration. 
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DEPARTMENT OF CELL BIOLOGY 
LABORATORY OF GROWTH REGULATION 
 
The research interest of this laboratory is to understand the molecular mechanism of cell 
differentiation and organogenesis. Particularly, we are interested in basic helix-loop-helix (bHLH) 
transcription factors that regulate developmental processes such as neural development and somite 
formation. We are characterizing the functions of bHLH genes by misexpressing the genes with 
retrovirus and electroporation (gain-of-function study) and by generating knock-out mice 
(loss-of-function study). During neural development, the following steps occur sequentially: (1) 
maintenance of neural stem cells, (2) neurogenesis and (3) gliogenesis. Our results indicate that all 
three steps are regulated by bHLH genes. bHLH genes such as Hes1 and Hes5 regulate maintenance 
of neural stem cells and promotion of gliogenesis, while bHLH genes such as Mash1 and Math3 
regulate specification of the neuronal fate. During somite formation, the bHLH genes Hes1 and 
Hes7 display oscillatory expression with periodicity of about two hours and regulate the timing of 
somite segmentation. By making and evaluating mathematical modeling, we are now studying how 
the dynamics of gene expression are controlled during somite formation. 
Interestingly, oscillating gene expression is not unique to the somite formation but is 
widely observed in many other processes. We found that Hes1 expression oscillates with a period of 
about 2-3 hours in neural progenitor cells, and that Hes1 oscillation is important for activation of 
Notch signaling between these cells. We also found that Hes1 expression oscillates with a period of 
about 3-5 hours in embryonic stem (ES) cells, and that Hes1 oscillation contributes to 
heterogeneous responses of these cells. In both neural progenitor cells and ES cells, the period and 
amplitude of Hes1 oscillation are variable from cell to cell and from cycle to cycle, suggesting that 
Hes1 oscillation is important to make heterogeneity among cells rather that to function as a 
biological clock. 
 
1) The cyclic gene Hes1 contributes to diverse differentiation responses of embryonic 
stem cells: T. KOBAYASHI, H. MIZUNO, I. IMAYOSHI, C. FURUSAWA, K. 
SHIRAHIGE and R. KAGEYAMA 
 
 Stem cells do not all respond the same way, but the mechanisms underlying this 
heterogeneity are not well understood. Here, we found that expression of Hes1 and its downstream 
genes oscillate in mouse embryonic stem (ES) cells. Those expressing low and high levels of Hes1 
tended to differentiate into neural and mesodermal cells, respectively. Furthermore, inactivation of 
Hes1 facilitated neural differentiation more uniformly at earlier time. Thus, Hes1-null ES cells 
display less heterogeneity in both the differentiation timing and fate choice, suggesting that the 
cyclic gene Hes1 contributes to heterogeneous responses of ES cells even under the same 
environmental conditions. 
 
2) Hopf Bifurcation in the Presomitic Mesoderm during the Mouse Segmentation: A. 
GONZALEZ and R. KAGEYAMA 
 
Vertebrae and ribs arise from embryonic tissues called somites. Somites arise sequentially 
from the unsegmented embryo tail, called presomitic mesoderm (PSM). The pace of somite 
formation is controlled by gene products such as hairy and enhancer of split 7 (Hes7) whose 
expression oscillates in the PSM. In addition to the cyclic genes, there is a gradient of fibroblast 
growth factor 8 (Fgf8) mRNA from posterior to anterior PSM. Recent experiments have shown that 
in the absence of Fgf signaling, Hes7 oscillations in the anterior and posterior PSM are lost. On the 
other hand, Notch mutants reduce the amplitude of posterior Hes7 oscillations and abolish anterior 
Hes7 oscillations. To understand these phenotypes, we delineated and simulated a logical and a 
delay differential equation (DDE) model with similar network topology in wild-type and mutant 
situations. Both models reproduced most wild-type and mutant phenotypes suggesting that the 
chosen topology is robust to explain these phenotypes. Numerical continuation of the model 
showed that even in the wild-type situation, the system changed from sustained to damped, i.e. a 
Hopf bifurcation occurred, when the Fgf concentration decreased in the PSM. This numerical 
continuation analysis further indicated that the most sensitive parameters for the oscillations are the 
parameters of Hes7 followed by those of Lunatic fringe (Lfng) and Notch1. In the wild-type, the 
damping of Hes7 oscillations was not so strong so that cells reached the new somites before they 
lose Hes7 oscillations. By contrast, in the fibroblast growth factor receptor 1 (Fgfr1) conditional 
knock-out (cKO) mutant simulation, Notch signaling was not able to maintain sustained Hes7 
oscillations. Our analysis suggests that Fgf signaling makes cells enter an oscillatory state of Hes7 
expression. After moving to the anterior PSM, where Fgf signaling is missing, Notch signaling 
compensates the damping of Hes7 oscillations in the anterior PSM. 
 
3) Progenitor cell proliferation in the retina is dependent on Notch-independent Sonic 
hedgehog/Hes1 activity: D.S.WALL, A.J. MEARS, B. MCNEILL, C. MAZEROLLE, 
S. THURIG, Y. WANG, R. KAGEYAMA and V.A. WALLACE 
 
 Sonic hedgehog (Shh) is an indispensable, extrinsic cue that regulates progenitor and stem 
cell behavior in the developing and adult mammalian central nervous system. Here, we investigate 
the link between the Shh signaling pathway and Hes1, a classical Notch target. We show that 
Shh-driven stabilization of Hes1 is independent of Notch signaling and requires the Shh effector 
Gli2. We identify Gli2 as a primary mediator of this response by showing that Gli2 is required for 
Hh (Hedgehog)-dependent up-regulation of Hes1. We also show using chromatin 
immunoprecipitation that Gli2 binds to the Hes1 promoter, which suggests that Hes1 is a 
Hh-dependent direct target of Gli2 signaling. Finally, we show that Shh stimulation of progenitor 
proliferation and cell diversification requires Gli2 and Hes1 activity. This paper is the first 
demonstration of the mechanistic and functional link between Shh, Gli, and Hes1 in the regulation 
of progenitor cell behavior. 
 
4) Notch-Hes1 pathway contributes to the cochlear prosensory formation potentially 
through the transcriptional down-regulation of p27Kip1: J. MURATA, T. 
OHTSUKA, A. TOKUNAGA, S. NISHIIKE, H. INOHARA, H. OKANO and R. 
KAGEYAMA 
 
The Notch signaling pathway has a crucial role in the differentiation of hair cells and 
supporting cells by mediating "lateral inhibition" via the ligands Delta-like1 (Dll1) and Jagged2 
(Jag2) and the effectors Hes1 and Hes5 during mammalian inner ear development. Recently, 
another Notch ligand, Jagged1 (Jag1)-dependent Notch activation, has been revealed to be 
important for the determination of the prosensory region in the earlier stage before cell 
differentiation. However, little is known about the effectors of the Notch pathway in this context. 
P27(Kip1), a cyclin-dependent kinase inhibitor, is also known to demarcate the prosensory region in 
the cochlear primordium, which consists of the sensory progenitors that have completed their 
terminal mitoses. Hes1 reportedly promotes precursor cell proliferation through the transcriptional 
down-regulation of p27(Kip1) in the thymus, liver, and brain. In this study, we observed Hes1 as a 
mediator between the Notch signaling pathway and the regulation of proliferation of sensory 
precursor cells by p27(Kip1) in the developing cochlea. We showed that Hes1, but not Hes5, was 
weakly expressed at the time of onset of p27(Kip1). The expression pattern of Hes1 prior to cell 
differentiation was similar to that of activated Notch1. P27(Kip1) was up-regulated and 
BrdU-positive S-phase cells were reduced in the developing cochlear epithelium of Hes1 null mice. 
These results suggest that the Notch-Hes1 pathway may contribute to the adequate proliferation of 
sensory precursor cells via the potential transcriptional down-regulation of p27(Kip1) expression 
and play a pivotal role in the correct prosensory determination. 
 
5) The first Hes1 dimer inhibitors from natural products: M.A. ARAI, A. MASADA, T. 
OHTSUKA, R. KAGEYAMA and M. ISHIBASHI 
 
In the present study, we developed a high-throughput screening system for small 
molecule-inhibitors of the basic helix-loop-helix (bHLH) transcriptional repressor factor Hes1. 
Successful dimerization of Hes1 immobilized on a microplate and fluorophore (Cy3)-labelled Hes1 
was confirmed. Using this system, several natural products were identified as the first Hes1 dimer 
inhibitors. Of these, two compounds which were isolated from myxomycetes (true slime molds) 
inhibited Hes1 from N box-dependent suppression of the gene expression in C3H10T1/2 cells. 
 
6) Spatiotemporal pattern in somitogenesis: a non-Turing scenario with wave 
propagation: H. NAGAHARA, Y. MA, Y. TAKENAKA, R. KAGEYAMA and K. 
YOSHIKAWA 
 
 Living organisms maintain their lives under far-from-equilibrium conditions by creating a 
rich variety of spatiotemporal structures in a self-organized manner, such as temporal rhythms, 
switching phenomena, and development of the body. In this paper, we focus on the dynamical 
process of morphogens in somitogenesis in mice where propagation of the gene expression level 
plays an essential role in creating the spatially periodic patterns of the vertebral columns. We 
present a simple discrete reaction-diffusion model which includes neighboring interaction through 
an activator, but not diffusion of an inhibitor. We can produce stationary periodic patterns by 
introducing the effect of spatial discreteness to the field. Based on the present model, we discuss the 
underlying physical principles that are independent of the details of biomolecular reactions. We also 
discuss the framework of spatial discreteness based on the reaction-diffusion model in relation to a 
cellular array, by comparison with an actual experimental observation. 
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INSTITUTE FOR VIRUS RESEARCH 
LABORATORY OF SIGNAL TRANSDUCTION 
 
1) Isolation of an infectious endogenous retrovirus in a proportion of live attenuated 







 and T. MIYAZAWA (
1
Institute for Comparative 
Medicine, University of Glasgow) 
 
The genomes of all animal species are colonized by endogenous retroviruses (ERVs).  
Although most ERVs have accumulated defects that render them incapable of replication, fully 
infectious ERVs have been identified in various mammals.  In this study, we isolated a feline 
infectious ERV (RD-114 virus) in a proportion of live attenuated vaccines for companion animals. 
Isolation of RD-114 was made in two independent laboratories using different detection strategies 
and using vaccines for both cats and dogs commercially available in Japan or the United Kingdom. 
This study shows that the methods currently employed to screen veterinary vaccines for retroviruses 
should be re-evaluated. 
 
2) Focus assay on FeLIX-dependent feline leukemia virus: Y. NAKAYA, T. SHOJIMA, 
S. HOSHINO and T. MIYAZAWA 
 
T-lymphotropic feline leukemia virus (FeLV-T) induces immunodeficiency in cats. FeLV-T 
is fusion-defective and requires a cofactor, termed FeLIX, for infection. FeLIX is a truncated 
envelope glycoprotein of an endogenous FeLV and mediates infection by binding a phosphate 
transporter Pit-1. In this study, we established a feline sarcoma-positive leukemia-negative cell line 
expressing FeLIX, named QN/FeLIX cells. Upon infection, FeLV-T induced prominent foci with 
syncytia in QN/FeLIX cells and could be titrated by the focus assay. In addition, we established a 
FeLIX-expressing feline fibroblast cell line, named AH/FeLIX cells. FeLV-T productively infected 
AH/FeLIX cells and induced severe CPE with syncytia. QN/FeLIX and AH/FeLIX cells will be 
useful for the study of FeLIX-dependent mutants in FeLV-infected cats. 
 
3) Epigenetical characterization of Human porcine endogenous retrovirus receptor 2 in 
placenta: Y. NAKAYA and T. MIYAZAWA 
 
Xenotransplantation from pig to human is a promising way to overcome the shortage of 
human organs in transplantation.  However, xenotransplantation has been banned due to the 
existence of porcine endogenous retroviruses (PERVs).  Although proviruses of PERVs are 
present in the porcine genomic DNA, almost all of them are defective due to mutations and/or 
deletions, except for several infectious copies of PERV-A, -B, and -C.  Both PERV-A and -B 
infect human cells in vitro, and human PERV-A receptors (HuPAR-1 and -2) have been identified.  
PERV-A can utilize HuPAR-2 more efficiently than HuPAR-1 in infection.  HuPAR-1 is 
ubiquitously expressed in most tissues; however HuPAR-2 is specifically highly expressed in 
placenta.  To investigate the mechanisms of differential expression of HuPARs is important to 
regulate PERV-A infection.  In the present study, we analyzed transcriptional mechanisms of 
HuPAR-2 in placental tissue focusing on epigenetic feature.  Firstly, we identified a CpG island 
(-308 to +139) around the transcription start site (TSS, +1) of HuPAR-2.  This region was in a 
hypomethylated status in placenta (13%) compared with testes (59%), kidney (33%), BeWo cells 
(79%), and HEK293 cells (83%) where HuPAR-2 expression was low.  Luciferase assay revealed 
that the region containing the CpG island has a promoter activity, but the activity was suppressed by 
in vitro methylation.  Additionally, treatment with a DNA methyltransferase inhibitor increased 
the HuPAR-2 expression in HEK293 cells.  Chromatin-immunoprecipitation assay indicated that 
H3K4-trimethylation, that is indicator of euchromachin, was often detected in placenta, on the 
contrary H3K9-trimethylation, a marker of heterochromatin, was significantly abounding in 
HEK293 cells and BeWo cells.  These data suggest that the epigenetical modification of the CpG 
island in the vicinity of HuPAR-2 TSS might be a pivotal role in regulation of transcriptional 
activity of HuPAR-2. 
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RESEARCH CENTER FOR ACQUIRED IMMUNODEFICIENCY SYNDROME 
LABORATORY OF VIRAL PATHOGENESIS 
  
A long standing goal of our research group is to elucidate the molecular mechanisms of 
virus pathogenesis. We have been focusing on two human viruses, human immunodeficiency virus 
type 1 (HIV-1) and herpes simplex virus type 1 (HSV-1).  
 
1) Molecular Analysis on Interaction of HIV-1 and Host Factors: K. SATO, T. 
KOBAYASHI, Y. SHINODA, T. WATANABE, S. YAMAMOTO, P. GEE, N. 
MISAWA, H. EBINA and Y. KOYANAGI 
 
To accomplish efficient release of HIV-1 particles, HIV-1 Vpu is required in certain cells  
(e.g., HeLa cells) but is dispensable in other cell types. A previous report suggested that an 
inhibitory factor(s) for HIV-1 release is expressed in HeLa cells and the effect is attenuated by Vpu. 
Recently, Neil and colleagues identified the inhibitor, human BST-2 (also called CD317 or 
HM1.24), in HeLa cells, and referred to this protein as "Tetherin". They also showed that the 
inhibitory action of BST-2 on HIV-1 particle release was antagonized by Vpu. However, the 
molecular mechanism(s) for tethering HIV-1 particles by BST-2 remains unclear, and we 
speculated about the requirement for cellular co-factor(s) to trigger or assist its tethering ability. To 
explore this possibility, we utilize several cell lines derived from various species including human, 
AGM, dog, cat, rabbit, pig, mink, potoroo, and quail. We found that ectopic BST-2 was efficiently 
expressed on the surface of all analyzed cells, and its expression suppressed the release of viral 
particles in a dose-dependent manner. These findings suggest that BST-2 can tether HIV-1 particles 
without the need of additional co-factor(s) that may be expressed exclusively in primates, and thus, 
BST-2 can also exert its function in many cells derived from a broad range of species. Interestingly, 
the suppressive effect of BST-2 on HIV-1 release in Vero cells was much less pronounced than in 
the other examined cells despite the augmented surface expression of ectopic BST-2 on Vero cells. 
Collectively, our findings suggest the existence of certain cell types in which BST-2 cannot 
efficiently exert its inhibitory effect on virus release. The cell type-specific effect of BST-2 may be 
critical to elucidate the mechanism of BST-2-dependent suppression of virus release. 
Changing cellular protein trafficking may represent a novel antiviral approach. We have 
discovered that an N-terminal deletion mutant of a membrane protein CD63, CD63!N, blocks entry 
of CXCR4-tropic HIV-1 by suppressing CXCR4 surface expression. This suppression was observed 
in CXCR4 but not in CD4, CCR5, CD25, CD71, or other tetraspanin proteins. From a series of 
extensive analyses including confocal and total internal reflection fluorescence microscopy 
examination, the suppression of CXCR4 expression on the plasma membrane appeared to be caused 
by mislocalization of CXCR4 and exclusive transportation of CXCR4 toward intracellular 
organelles mainly the late endosomes/lysosomes through interaction with CD63!N. We next found 
that the mislocalization and interaction were clearly attenuated by alternation of all three N-linked 
glycosylation sites in CD63. Either full-length CD63 or CD63!N formed a complex with CXCR4 
at the Golgi apparatus and the late endosomes, while CD63 N-linked glycans-deficient form 
mutants lost the ability to form a complex with CXCR4 exclusively at the Golgi apparatus, 
suggesting that CD63 interacts with CXCR4 through N-linked glycans-portion of CD63 protein and 
the complex induces direction of CXCR4 trafficking to the endosomes/lysosomes, not to the plasma 
membrane. At the Golgi apparatus, there may be lysosome protein (CD63)-associated machinery 
that influences trafficking of other membrane proteins. 
We are also attempting to identify HIV-associated host factors using a variety of genetics- 
and protein chemistry-based methods. Candidates of the HIV-associated host factor under 
investigation are cytokines, signal molecules, and membrane proteins.    
 
2) HIV Pathogenesis: K. SATO, N. MISAWA, T. KOBAYASHI and Y. KOYANAGI  
 
 Studies on HIV-1 infection in a small animal model that can support both long-term de 
novo human hematopoiesis and long-term systemic HIV-1 infection can greatly contribute to the 
understanding on HIV-1 pathogenesis. We generated NOG-hCD34 mice by transplanting newborn 
NOD/SCID/IL2R!
null
 mice with hCD34
+
 cells via hepatic injection. The longitudinal flow 
cytometric analyses showed that NOG-hCD34 mice were able to support human hematopoiesis and 
multilineage differentiation of human leukocytes for at least 44 wks. To investigate the events 
leading to the depletion of CD4
+
 T lymphocytes during long-term infection of HIV-1, we infected 
NOG-hCD34 mice with CXCR4-tropic and CCR5-tropic HIV-1. CXCR4-tropic HIV-1-infected 
mice were quickly depleted of CD4
+
 thymocytes and both CD45RA
+










 T lymphocytes. Staining of HIV-1 p24 antigen revealed that CCR5-tropic 
HIV-1 preferentially infected effector memory T lymphocytes (TEM) rather than central memory T 
lymphocytes. In addition, the majority of p24
+
 cells in CCR5-tropic HIV-1-infected mice were 
activated and in cycling phase. Taken together, our findings indicate that productive infection 
mainly takes place in the activated TEM in cycling phase and further suggest that the predominant 
infection in TEM would lead to the depletion of memory CD4
+
 T lymphocytes in CCR5-tropic 
HIV-1-infected mice. This is the first report addressing the mechanisms and dynamics of 
HIV-1-induced CD4
+
 T lymphocyte depletion in vivo. We report the selective depletion of memory 
CD4
+
 T lymphocytes and the preferential infection of TEM in an experimental model of R5 HIV-1 
infection. Our data suggest that HIV-1 infection in TEM can be an important step leading to CD4
+
 T 
lymphocyte decline. Our findings confirm the applicability of NOG-hCD34 mice as a useful model 
to study the dynamics of HIV-1 pathogenesis including CD4
+
 T lymphocytes depletion in vivo. 
 3) Mechanism of Herpes Virus Neuropathogenesis: Y. ANDO, T. WATANABE, P. GEE 
and Y. KOYANAGI 
 
HSV-1 is a causative agent for fatal encephalitis in human. We generated a HSV-1 
encephalitis-recovery model. When a GFP-expressing HSV-1 was inoculated into brain of infant rat, 
we found that some HSV-1-injected rats (27%; designated as severe) died within 48 hour after 
showing symptoms of quadriplesia or seizure or some injected rats (22%; designated as mild) died 
around 72 hour after showing weight loss or paresis. In the brain tissues, we found vast hemorrhagic 
necrotic damages and largely disseminated GFP
+
 region. We detected many GFP
+
 cells, which were 
confirmed as HSV-1
+
 cells by staining with anti-HSV antibody along with extensive cell infiltration 
of CD3
+
 T cells and CD68
+
 macrophages, indicating massive dissemination of HSV-1 in brain. 
However, the other HSV-1-inoculated rats survived after showing the transient mild symptoms such 
as weight loss or paresis but not quadriplesia or seizure. In the brain tissue taken from recover-rats 
36 hour after disappearing paralysis, we found focal neuronal tissue damages along with a small 
number of cell infiltration of CD3
+
 T cells and CD68
+
 macrophages in parenchyma and a fewer 
GFP
+
 cells in the brain of the recover-rats compared with the number of GFP
+
 cells in the brain of 
severe rats. These data indicated that limited but obvious HSV-1 infection occurred in brain of the 
recover-rats. To find novel host factors that function against HSV-1 infection in brain tissue, we 
used microarray analysis of messenger RNA comparing that of the recover-rat and the 
mock-infected brains. Some neuron-specific factors have been found.   
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LABORATORY OF VIRUS CONTROL 
 
1) Analyses of HTLV-1 bZIP factor (HBZ) gene in the pathogenesis of HTLV-1: Y. 
SATOU, P. MIYAZATO, K. TAKAI, T. ZHAO, J. FAN,!K. HAGIYA, J. TANABE, 
K. SUGATA, N. TAGUCHI, A. NAKANISHI, G. MA, Y. MITOBE and M. 
MATSUOKA.  
 
Human T-cell leukemia virus type 1 (HTLV-1) is the first retrovirus that induces diseases 
in human. HTLV-1 causes a neoplastic disease, adult T-cell leukemia (ATL), and the inflammatory 
diseases, such as HTLV-1 associated myelopathy/tropical spastic paraparesis and uveitis. HTLV-1 
belongs to complex retrovirus, which encodes regulatory genes (tax and rex) and several accessory 
genes, such as p30, p12, p13 and HTLV-1 bZIP factor (HBZ). Among them, tax is thought to play a 
central role in transformation of infected cells. However, since it is a major target of cytotoxic 
T-lymphocytes, its expression is often silenced in ATL cells to escape the host immune system. The 
HBZ gene, which is encoded by the minus strand of HTLV-1, contains a basic leucine zipper 
domain. Our previous studies showed that 3’LTR is intact and unmethylated in all ATL cells. From 
our studies, HBZ gene was transcribed in all of the ATL cell lines and primary ATL cells, while tax 
gene transcription was frequently silenced. In HBZ-transgenic mice, the number of CD4+ T cells 
was increased, indicating that HBZ promotes proliferation of CD4+ T cells in vivo. Dermatitis is 
frequently observed in HBZ transgenic mice, and in the skin, infiltration of CD4+ T cells is also 
found. In addition, CD4+ T cells infiltrate into alveolar septum. Such infiltration of CD4+ T cells 
was reported in HTLV-1 carriers, indicating that the phenotype of HBZ transgenic mice is similar to 
that of HTLV-1 carriers. Interestingly, HBZ transgenic mice develop T-cell lymphoma more 
frequently than non-transgenic littermate after long latent periods. These finding suggest that HBZ 
has a crucial role for both leukemogenesis and HTLV-1-associated inflammatory diseases. 
Furthermore, we are now investigating cellular and molecular mechanism in the HBZ-induced 
pathogenesis.  
 
2) Identification of cellular proteins interacting with HBZ and characterization of 
virological and pathological significance of the interaction: T. ZHAO, J. FAN, K. 
HAGIYA, G. MA, A. COUTTS, Y. SATOU and M. MATSUOKA. 
 
We are trying to identify cellular factors interacting with HBZ by using yeast two hybrid or 
functional analyses of various signaling pathways. In this study, we found that HBZ specifically 
suppressed NF-!B-driven transcription mediated by p65 and tax but not the alternative NF-!B 
signaling pathway. Using coimmunoprecipitation, we demonstrated the direct interaction between 
HBZ and p65, and this physical association abrogated the DNA binding capacity of p65. In other 
aspect, HBZ induced p65 degradation through ubiquitination-dependent pathway. In addition, HBZ 
repressed transcription of selected classic NF-!B target genes. This study suggests that this 
selective binding to p65 modulates Tax mediated NF-!B activation.  
 
3) Characterization of the promoter regions for HTLV-1 bZIP factor (HBZ) gene: M. 
YOSHIDA, Y. SATOU and M. MATSUOKA. 
 
The human T-cell leukemia virus type I (HTLV-1) basic leucine zipper factor (HBZ) gene is 
encoded by the minus strand of HTLV-1 provirus, and transcribed from 3’ long terminal repeat 
(LTR). However, the promoter region and its transcriptional regulation of HBZ gene remain 
unknown. We have characterized the promoters of the HBZ (HBZ) genes. The promoters of spliced 
(sHBZ) and unspliced HBZ (usHBZ) genes were TATA-less, which contained initiators and 
downstream promoter elements. We found that SP1 was a critical transcription factor for sHBZ 
gene expression. Chromatin immunoprecipitation assay demonstrated the binding of Sp1 to the 
promoter region of sHBZ gene. We compared the functions of two proteins derived from sHBZ and 
usHBZ gene, and found that sHBZ showed the stronger suppressive capability to Tax-mediated 
transcriptional activation through 5’LTR than usHBZ. Only the sHBZ gene had growth-promoting 
function for a T-cell line while usHBZ did not.   
 
4) The role of DNA double strand break repair enzymes in retroviral infection: Y. 
SAKURAI and M. MATSUOKA. 
 
Retrovirus synthesizes viral dsDNA by reverse transcription and integrates the DNA into 
the host genome by integration. DNA double strand break (DSB) repair enzymes are reported to be 
involved in these steps. However, the detailed mechanism is still unknown. We developed a new 
method for efficient cloning of retroviral integration sites, and analyzed the sequences surrounding 
HIV-1 integration sites in the mutant cells. In ATM-, Mre11-, NBS1- and Artemis-deficient cells, 
we identified two kinds of abnormal nucleotides between integrated viral DNA and the host 
genome: 1) GT dinucleotides, which should be removed by viral integrase during integration, and 2) 
inserted nucleotides of unknown origin. These results suggest that DSB repair enzymes regulate 
integration and protect the ends of viral DNA before integration. In Mre11-deficient cells, primer 
binding sites also remained, suggesting the involvement of Mre11 in reverse transcription. These 
abnormalities were also found in MLV integration sites. Moreover, the base preferences 
surrounding HIV integration sites were changed in ATM-deficient cells, suggesting that ATM is 
involved in HIV-1 integration site selection. These results indicated that DSB repair enzymes 
function at multiple steps in retroviral infection. 
 5) Resistant profiles of next-generation of HIV-1 fusion inhibitors: K. SHIMURA and M. 
MATSUOKA. 
 
Human immunodeficiency virus (HIV) gp41 plays a critical role in the initial event of the 
viral infection, fusion to target cells. C-terminal heptad repeat (C-HR) and N-terminal HR (N-HR) 
of gp41 form stable conformation during fusion, thus, HR derived peptides can suppress fusion 
between virus and target cell. Indeed, C-HR-derived peptide fusion inhibitor, enfuvirtide (T-20), has 
potent anti-HIV-1 activity, and has been used for the treatment of HIV-1 infection. However, as 
observed as other therapeutic drugs, T-20 resistant variants also emerged, hence it has hampered the 
efficient therapy. We have previously developed the electrostatically constrained peptide fusion 
inhibitors, SC34 and SC34EK, and reported that both have potent anti-HIV-1 activity against not 
only wild-type but also T-20 resistant variants. In this study, to understand the precise mode of 
action, we induced the resistant variants to SC34 and SC34EK in vitro. Various mutations were 
introduced in gp41-coding region, and further analysis revealed that accumulation of multiple 
mutations was necessary for sufficient resistance. These results demonstrate that electrostatically 
constrained peptide design is available to avoid the emergence of cross-resistance, and these 
inhibitors are promising as next-generation fusion inhibitors. 
 
6) Development of small inhibitors to HIV: K. SHIMUARA, T. NAITO, T. ISOBE and 
M. MATSUOKA. 
 
In general, from a standpoint of bioavailability and development of inhibitors, low 
molecular weight (LMW) compounds are favorable. We have screened numerous LMW 
compounds, which are obtained commercially or synthesized at Kyoto University for potent HIV 
activity.  In 2009, we have continuously screened and then, we identified several LMW 
compounds that possess anti-HIV activity.  These compounds showed anti-HIV activity with a 
concentration for 50% inhibition of less than 1 !M. We will further develop to enhance the antiviral 
activity and reveal the mode of action. 
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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES 
LABORATORY OF MOUSE MODEL 
 
Our research objective is to understand the molecular mechanisms that control chromatin 
function and genome diversity & stability in mammals. To address this question, we are currently 
analyzing functional molecules which are expressed in the nucleus. 
 
1) Role of G9a KMTase in embryo proper lineage on suppression of extraembryonic 
genes: M. TACHIBANA and Y. SHINKAI 
  
 Histone H3 lysine 9 (H3K9) methylation is a repressive epigenetic mark for 
heterochromatin formation and transcriptional silencing. Genetic loss of a H3K9 lysine 
methylatransferase (KMTase), G9a leads drastic reduction of H3K9me2 and exhibits embryonic 
lethality at mid-gestation in mice, indicating that G9a and/or G9a-mediated H3K9 methylation is 
essential for mouse embryogenesis. However, how the loss of G9a affects mouse embryonic 
development is still unclear. Since G9a suppresses tissue specific genes in ES cells via H3K9 
methylation, we hypothesize that G9a may control developmentally regulated genes in mouse 
embryogenesis. To gain insights into the transcriptional control of G9a in vivo, we isolated RNA 
from embryo proper and trophoblast cells of wild-type and G9a knockout (G9a-KO) litters. We 
then introduced them into microarray analysis to examine the differences of expression profiles 
between them.  Subsequently, it was revealed that specific Hox family genes (reproductive 
homeobox: Rhox) were ectopically reactivated in G9a-KO construct. Rhox genes, which are 
localized on X-chromosome, are novel Hox-family genes characterized recently (Cell, 120 p369, 
2005).  It is shown that Rhox genes are expressed predominantly in reproductive tissues (testis and 
ovary) and placenta. ! Rhox genes display temporal and quantitative colinear pattern of expression, 
however, the molecular basis which contribute the establishment and maintenance of these unique 
expression remains to be solved. Interestingly, it was revealed that transcriptional suppression of 
some Rhox genes were achieved by DNA methylation. Furthermore, the DNA 
methylation-dependent silencing is occurred in a lineage-specific manner (specifically occuerd in 
embryo proper-lineage) (Genes Dev., 20, p3382, 2006). Regarding this notion, we speculate that 
both H3K9 methylation and DNA methylation machineries may cooperatively regulate colinear 
expression of Rhox genes. We are now going to set up chromatin immunoprecipitation analysis on 
Rhox-loci using embryo proper and trophoblasts of wild-type and G9a-KO mice. 
 
2)  Role of G9a HMTase for pre-implantation development in mice: M. TACHIBABA 
and Y. SHINKAI 
 
The oocyte serves the distinct purpose of transmitting the maternal genome and other 
maternal factors that are critical for post-ovulation events, such as zygotic gene activation (ZGA). 
In mice, ZGA dominantly occurs during the two-cell stage. We hypothesize that maternally 
inherited epigenetic factors such as histone modification enzymes may play an essential role on 
early embryogenesis. To investigate an effect of maternal deprivation of G9a, we crossed 
G9a-conditional KO mice and zona pellucida 3 (Zp3) –Cre transgenic line. The resulting Zp3-Cre, 
G9aF/F female mice were bred to wild-type males to test their fertility. In contrast to wild-type 
females that produced offspring following matings (~80%), Zp3-Cre, G9aF/F females displayed a 
reduced fertility (45%). In addition, the Zp3-Cre, G9aF/F females produced considerably small 
litters (2.2) compared to control females (7.1). To elucidate whether the ovulation is normal or not 
in Zp3-Cre, G9aF/F female, we accessed the numbers of oocytes from the superovulation 
experiment. Zp3-Cre, G9aF/F females could ovulate similar number of oocytes (~21) to those of 
control female (~20), indicating that maternal G9a is not necessary for this process. Then we 
fertilized maternally G9a-deprived oocytes with wild-type sperm and further cultured in vitro. After 
culturing for four-days, ~95% embryos derived from control oocytes reached blastcyst stage. In 
contrast, only 18% embryos could reach to this stage when they originated from maternally 
G9a-deplived oocytes. We concluded that maternal inheritance of G9a is necessary for normal 
embryonic development until implantation. One possible explanation for this phenotype is maternal 
G9a plays a crucial role on ZGA. To further elucidate the G9a-ZGA link, it will be important to 
verify the role of G9a-mediated H3K9 methylation and transcriptional suppression during early 
embryogenesis.  
 
3) Expression of the mouse PR domain protein Prdm8 in the developing central nervous 
system: T. KOMAI and Y. SHINKAI 
 
The PR (PRDI-BF1 and RIZ homology) domain family proteins were first noted to share 
the homology with the SET domain-containing histone lysine methyltransferases. Although only a 
few members of PR domain proteins were identified to possess histone methyltransferase activity, 
many of them are now well known to be key regulators for tissue development and/or cell 
differentiation.  
We found that a member of PR domain proteins, Prdm8, is specifically expressed in the mouse 
brain. Immunohistochemical analysis of mouse embryos demonstrated that Prdm8 protein is 
expressed in particular types of neurons. In the retina, Prdm8 is specifically expressed in rod bipolar 
cells and a subpopulation of amacrine cells. In the developing spinal cord, Prdm8 expression is 
restricted to the ventral interneurons. In the brain, Prdm8 is mainly expressed in the layer 4 neurons 
of the neocortex. Since Prdm8 expression in tightly regulated in a spatio-temporal manner during 
neural development, we hypothesize that Prdm8 plays important roles in the process of neuronal 
differentiation or maturation. We are now trying to examine the role(s) of Prdm8 in neuronal 
development by knocking out and knocking down Prdm8 in mice. 
 
4) Proviral silencing in embryonic stem cells requires the histone methyltransferase 
ESET: T. MATSUI and Y. SHINKAI 
 
Endogenous retroviruses (ERVs), retrovirus-like elements with long terminal repeats 
(LTRs), are widely dispersed in the euchromatic compartment in mammalian cells, comprising 
~10% of the mouse genome. These parasitic elements are responsible for >10% of spontaneous 
mouse mutations. While DNA methylation plays an important role in proviral silencing in somatic 
and germ-lineage cells, an additional DNA methylation-independent pathway also functions in 
embryonal carcinoma and embryonic stem cells (ESCs) to inhibit transcription of the exogenous 
gammaretrovirus, murine leukemia virus (MLV). Intriguingly, a recent genome-wide study 
revealed that ERVs are also marked by histone H3 lysine 9 trimethylation (H3K9me3) and 
H4K20me3 in ESCs but not in MEFs. However, the role these marks play in proviral silencing 
remains unexplored. Here, we show that the H3K9 methyltransferase ESET/Setdb1/KMT1E and 
the Krüppel-associated box (KRAB)- associated protein 1 (KAP-1)/Trim28 are required for 
H3K9me3 and silencing of endogenous and introduced retroviruses specifically in ESCs. 
Furthermore, while ESET enzymatic activity is crucial for HP1 binding and efficient proviral 
silencing, the H4K20 methyltransferases Suv420h1/2 are dispensable for silencing. Strikingly, in 
DNA methyltransferase triple-knockout ESCs, ESET and KAP-1 binding and ESET-mediated 
H3K9me3 are maintained and ERVs are minimally derepressed. We propose that a DNA 
methylation-independent pathway involving KAP-1 and ESET/ESET–mediated H3K9me3 is 
required for proviral silencing during the period early in embryogenesis when DNA methylation is 
dynamically reprogrammed. 
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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES 
LABORATORY OF PRIMATE MODEL 
 
 It has been 26 years since human immunodeficiency virus (HIV-1), the causative agent of 
acquired immune deficiency syndrome (AIDS) was first identified. Since then, our knowledge on 
HIV-1 and the pathophysiology of AIDS has grown enormously. Unfortunately, however, we have 
not yet developed an effective prophylactic measure or a thorough therapeutic intervention, and 
AIDS remains top priority among global public health agenda. 
To develop effective preventive or therapeutic measures against AIDS, we need an 
experimental model system that recapitulates HIV-1 infection in humans. From the beginning of 
AIDS epidemic, HIV-1 has been known for its narrow host range. To overcome the narrow host 
range of HIV-1 and develop a dependable animal model for AIDS, our laboratory, first in the world, 
generated a chimeric simian-human immunodeficiency virus (SHIV), that carries HIV-1 derived tat, 
rev, vpu and env genes in the backbone of simian immunodeficiency virus, a closely related simian 
virus to HIV-1. Since then, SHIV/macaque model has been further developed and there are 
currently several SHIV strains available in the field and some of them cause acute disease followed 
by AIDS-like clinical manifestations. 
 We have been pursuing the following subjects, 
1. Development and improvement of SHIV/macaque models, 
2. SHIV-induced pathogenesis, 
3. Development of novel vaccines and evaluation using SHIV/macaque system, 
4. Identification of virus reservoir in HIV-1 infected individuals under highly active anti-retroviral 
therapy (HAART) using SIV infected monkeys as a model. 
In addition to the abovementioned projects, we have been making efforts to establish 
non-human primate disease model for flavivirus infection, especially, dengue hemorrhagic fever. 
 
1) High frequencies of resting CD4+ T cells containing integrated viral DNA are found in 
rhesus macaques during acute lentivirus infections: Y. Nishimura, R. Sadjadpour, J. J. 
Mattapallil, T. Igarashi, W. Lee, A. Buckler-White, M. Roederer, T.W. Chun and M. A. 
Martin 
 
 We and others have reported that the vast majority of virusproducing CD4
+
 T cells during 
the acute infection of rhesus macaques with simian immunodeficiency virus (SIV) or CXCR4 (X4)- 
using simian/human immunodeficiency viruses (SHIVs) exhibited a nonactivated phenotype. These 
findings have been extended to show that resting CD4
+
 T lymphocytes collected from SIV- or 
X4-SHIV-infected animals during the first 10 days of infection continue to release virus ex vivo. 
Furthermore, we observed high frequencies of integrated viral DNA (up to 5.1x10
4
 DNA copies per 
10
5
 cells) in circulating resting CD4
+
 T cells during the first 10 days of the infection. Integration of 
SIV DNA was detected only in memory CD4
+
 T cells and SHIVs preferentially integrated into 
resting naïve CD4
+
 T cells. Taken together, these results show that during the acute infection large 
numbers of resting CD4
+
 T cells carry integrated nonhuman primate lentiviral DNA and are the 
major source of progeny virions irrespective of coreceptor usage. Prompt and sustained 
interventions are therefore required to block the rapid systemic dissemination of virus and prevent 
an otherwise fatal clinical outcome. 
 
2) Initiation of antiretroviral therapy 48 hours after infection with simian 
immunodeficiency virus potently suppresses acute-phase viremia and blocks the 
massive loss of memory CD4+ T cells but fails to prevent disease: M. Kubo, Y. 
Nishimura, M. Shingai, W. Lee, J. Brenchley, B. Lafont, A. Buckler-White, T. Igarashi 
and M.A. Martin,  
 
We investigated whether a 28-day course of potent antiretroviral therapy, initiated at a time 
point (48 h postinoculation) following simian immunodeficiency virus (SIV) inoculation when the 
acquisition of a viral infection was virtually assured, would sufficiently sensitize the immune 
system and result in controlled virus replication when treatment was stopped. The administration of 
tenofovir 48 h after SIV inoculation to six Mamu-A*01-negative rhesus macaques did, in fact, 
potently suppress virus replication in all of the treated rhesus macaques, but plasma viral RNA 
rapidly became detectable in all six animals following its cessation. Unexpectedly, the viral set 
points in the treated monkeys became established at two distinct levels. Three controller macaques 
had chronic phase virus loads in the range of 1 x 10
3
 RNA copies/ml, whereas three noncontroller 
animals had set points of 2 x 10
5
 to 8 x 10
5
 RNA copies/ml. All of the noncontroller monkeys died 
with symptoms of immunodeficiency by week 60 postinfection, whereas two of the three controller 
animals were alive at week 80. Interestingly, the three controller macaques each carried major 
histocompatibility complex class I alleles that previously were reported to confer protection against 
SIV, and two of these animals generated cytotoxic T-lymphocyte escape viral variants during the 
course of their infections. 
 
3)  Inhibition of human immunodeficiency virus type 1 (HIV-1) nuclear import via 
Vpr-Importin alpha interactions as a novel HIV-1 therapy: T. Suzuki, N. Yamamoto, 
M. Nonaka, Y. Hashimoto, G. Matsuda, S. N. Takeshima, M. Matsuyama, T. Igarashi, 
T. Miura, R. Tanaka, S. Kato and Y. Aida 
 
 The development of multidrug-resistant viruses compromises the efficacy of anti-human 
immunodeficiency virus (HIV) therapy and limits treatment options. Therefore, new targets that can 
be used to develop novel antiviral agents need to be identified. One such target is the interaction 
between Vpr, one of the accessory gene products of HIV-1 and Importin !, which is crucial, not 
only for the nuclear import of Vpr, but also for HIV-1 replication in macrophages. We have 
identified a potential parent compound, hematoxylin, which suppresses Vpr–Importin a interaction, 
thereby inhibiting HIV-1 replication in a Vpr-dependent manner. Analysis by real-time PCR 
demonstrated that hematoxylin specifically inhibited nuclear import step of pre-integration complex. 
Thus, hematoxylin is a new anti-HIV-1 inhibitor that targets the nuclear import of HIV-1 via the 
Vpr–Importin a interaction, suggesting that a specific inhibitor of the interaction between viral 
protein and the cellular factor may provide a new strategy for HIV-1 therapy. 
 
4) Immune impairment thresholds in HIV infection: S. Iwami, S. Nakaoka, Y. Takeuchi, 
Y. Miura and T. Miura 
 
Longitudinal studies of patients infected with HIV-1 reveal a long and variable length of 
asymptomatic phase between infection and development of AIDS. Some HIV infected patients are 
still asymptomatic after 15 or more years of infection but some patients develop AIDS within 2 
years. The mechanistic basis of the disease progression has remained obscure but many researchers 
have been trying to explain it. For example, the possible importance of viral diversity for the 
disease progression and the development of AIDS has been very well worked out in the early-1990s, 
especially by some important works of Martin A. Nowak. These studies can give an elegant 
explanation for a variability of asymptomatic phase. Here, a simple mathematical model was used 
to propose a new explanation for a variable length of asymptomatic phase. The main idea is that the 
immune impairment rate increases over the HIV infection. Our model suggested the existence of 
so-called "Risky threshold" and "Immunodeficiency threshold" on the impairment rate. The former 
implies that immune system may collapse when the impairment rate of HIV exceeds the threshold 
value. The latter implies that immune system always collapses when the impairment rate exceeds 
the value. We found that the length of asymptomatic phase is determined stochastically between 
these threshold values depending on the virological and immunological states. Furthermore, we 
investigated a distribution of the length of asymptomatic phase and a survival rate of the immune 
responses in one HIV patient. 
 
5) Identification of functional domains in reovirus replication proteins muNS and mu2: T. 
Kobayashi, L. S. Ooms, J. D. Chappell and T. S. Dermody 
 
Mammalian reoviruses are nonenveloped particles containing a genome of 10 
double-stranded RNA (dsRNA) gene segments. Reovirus replication occurs within viral inclusions, 
which are specialized nonmembranous cytoplasmic organelles formed by viral nonstructural and 
structural proteins. Although these structures serve as sites for several major events in the reovirus 
life cycle, including dsRNA synthesis, gene segment assortment, and genome encapsidation, 
biochemical mechanisms of virion morphogenesis within inclusions have not been elucidated 
because much remains unknown about inclusion anatomy and functional organization. To better 
understand how inclusions support viral replication, we have used RNA interference (RNAi) and 
reverse genetics to define functional domains in two inclusion-associated proteins, muNS and mu2, 
which are interacting partners essential for inclusion development and viral replication. Removal of 
muNS N-terminal sequences required for association with mu2 or another muNS-binding protein, 
sigmaNS, prevented the capacity of muNS to support viral replication without affecting inclusion 
formation, indicating that muNS-mu2 and muNS-sigmaNS interactions are necessary for inclusion 
function but not establishment. In contrast, introduction of changes into the muNS C-terminal 
region, including sequences that form a putative oligomerization domain, precluded inclusion 
formation as well as viral replication. Mutational analysis of mu2 revealed a critical dependence of 
viral replication on an intact nucleotide/RNA triphosphatase domain and an N-terminal cluster of 
basic amino acid residues conforming to a nuclear localization motif. Another domain in mu2 
governs the capacity of viral inclusions to affiliate with microtubules and thereby modulates 
inclusion morphology, either globular or filamentous. However, viral variants altered in inclusion 
morphology displayed equivalent replication efficiency. These studies reveal a modular functional 
organization of inclusion proteins muNS and mu2, define the importance of specific amino acid 
sequences and motifs in these proteins for viral replication, and demonstrate the utility of 
complementary RNAi-based and reverse genetic approaches for studies of reovirus replication 
proteins. 
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CENTER FOR EMERGING VIRUS RESEARCH 
LABORATORY FOR VIRUS REPLICATION  
 
      The following two projects are on-going in this laboratory: (I) Molecular epidemiology of 
HIV/SIV in central Africa; (II) Development of animal HAART model system for AIDS studies 
using novel HIV/SIV chimeric viruses (SHIVs) having part or full of the HIV-1-derived pol gene 
and macaque monkeys. 
The research goal of the first project is to clarify the origin of AIDS virus and to predict its 
future by conducting the molecular phylogenetical analyses of HIV and its related primate 
lentiviruses collected by overseas expeditions, especially from central Africa where most divergent 
strains of HIV/SIV are circulating. The research goal of the second project is to establish the animal 
HAART model by use of newly constructed SHIVs that possess part or full of the pol gene of 
HIV-1. These novel SHIVs can potentially infect rhesus macaques. In addition, they are fairly 
sensitive to anti-HIV-1 drugs, suggesting that this novel system would be very useful to evaluate 
tested compounds at the in vivo level.  
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Highly diversified HIV strains are said to be co-circulating in Central African countries. 
However, molecular epidemiological information about DRC is quite limited. In particular, little is 
known in the eastern part due to a long-term political instability since early 1990s. This is the very 
first report of the genotypic data of HIV in recent years from two major provincial cities, Bukavu in 
South Kivu Province and Kisangani in Oriental Province. Bloods were collected from a total of 180 
AIDS-suspected patients who visited University Hospitals and nearby MSF clinics (Bukavu in 2007 
and Kisangani in 2006 and 2008). The specimens were subjected to serological tests followed by a 
nested PCR in the pol genomic region (288 bp) and sequencing. Phylogenetic analyses revealed that 
the subtypic distributions obtained from two provinces were rather similar: the predominant subtype 
was A (55-60 %) followed by various other subtypes such as G, C, D, B, F, and H. It should be 
noted that considerable numbers of isolates (14-20 %) were grouped into U (unclassified) in both 
cities. The present distribution of HIV subtypes in eastern DRC can be partly explained by human 
migrations and events that occurred during the past decades. More importantly, it is still exhibiting 
the characteristic nature of a great genetic diversity, suggesting a hypothesis that the pandemic of 









 and E. Ido (
1
Yaounde University Hospital, Cameroon) 
 
Compelling evidence appeared in 2002 of human exposure to a plethora of primate 
lentiviruses through hunting, handling of bushmeat and/or animals kept as pets in Cameroon. To 
determine SIV prevalence in pet animals, an analysis of 28 sera of nonhuman primates found no 
SIV infection in greater spot-nosed monkey (0/5) or chimpanzee (0/10), and a prevalence rate of 
23.1% (3/13) in mandrills kept as household pets in southern Cameroon. Phylogenetical analysis 
based on pol-integrase region and mitochondrial cytochrome b gene showed that the newly found 
SIV from Mandrillus sphinx (SIVmndCM-202, SIVmndCM-211 and SIVmndCM-218) clustered 
significantly with SIVmnd-2. Questionnaire data were also collected to assess whether owners had 
experienced bites, scratches or exposure to blood and/or body fluid. Risk to human health from 
cross-species transmission of the newly identified SIVmnd-2 to infect humans remains unknown. 
 
3)    Oral administration of a mixture of PR, RT and INT inhibitors to rhesus macaques 
that were persistently infected with SHIV-pr: E. Ido, M. Ishimatsu, T. Tada, S. 
Iwamoto and A. Umehara  
 
Although the current anti-retroviral therapy (ART) is truly effective to prolong the patient’s 
life, the long-term uptake of drugs also appears to be raising issues such as troublesome side effects. 
Recently integrase (INT) inhibitors have been added in a list of the medicines in addition to 
protease (PR) and reverse transcriptase (RT) inhibitors. Emergence of multi-drug-resistant virus 
will be soon a serious concern. We should present recommendations of the regime(s) including INT 
inhibitors as early as possible ideally by pre-clinical experiments. However, no good animal model 
to test efficacies of anti-HIV-1 drugs especially by oral administration is available so far. Thus we 
attempted to establish a new animal ART model in which a combination of three groups of drugs 
can be tested using monkeys. Two rhesus macaques infected with SHIV-pr that possesses the PR 
gene of HIV-1 were used in this study. When the monkeys were persistently infected, a mixture of 
three drugs (nelfinavir, didanosine, and raltegravir) contained in a solid diet was orally administered 
to them twice a day for 4 weeks. Doses were determined by body weight according to those for 
human use. Plasma viral loads and CD4 cells were monitored during the whole period of ART. 
Drug concentrations of raltegravir in plasma were also measured by LC-MS. Plasma viral loads of 




 copies/ml before medication. The viral load of one monkey was 
suppressed below the detection limit by the 4th week of ART, but quickly rebounded to the initial 
level after the cease of medication. The trough of raltegravir was sufficiently beyond the effective 
value. The load of another monkey decreased one order of magnitude by the 2nd week of ART, but 
this animal gradually lost appetite during ART and died of pneumonia thereafter. The fact that one 
  
 
monkey died showing AIDS-like symptoms indicates that our SHIV-pr was not only 
replication-competent but potentially pathogenic in monkeys. Overall, the present data suggest that 
this new animal ART model was fairly good to evaluate efficacies of various combinations of 
anti-HIV-1 drugs in vivo.  
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CENTER FOR EMERGING VIRUS RESEARCH 
LABORATORY FOR HOST FACTORS 
Our laboratory studies the interactions between viruses and host factors using retroviruses 
including human immunodeficiency virus (HIV) and murine leukemia virus (MLV) as model 
systems. Retrovirus synthesizes a DNA copy of its genome after entry into the host cell. The newly 
synthesized viral DNA is then integrated into chromosomal DNA. Although a key enzyme for the 
DNA insertion reaction is a viral protein termed integrase (IN), variety of cellular factors have been 
put forward as important regulator of the integration step in infected cells. Our current research 
especially focuses on the cellular proteins that impact on retroviral integration. 
1) Dysfunction of retroviral integration complex by cellular kinases: Y. SUZUKI, Y. 
SHINODA and Y. SUZUKI 
Retroviral integration is executed by a high-order nucleoprotein complex called the 
preintegration complex (PIC) that contains viral DNA and IN together with viral and cellular 
proteins. Barrier-to-autointegration factor (BAF), a non-specific DNA binding protein, is one of the 
cellular components of MLV and HIV-1 PICs. It has been demonstrated that BAF protects viral 
DNA from autointegtration and enhances intermolecular integration activity of the PIC in vitro by 
its DNA-binding property. BAF is also regulated for cell cycle progression and phosphorylated via 
a family of cellular serine/threonine kinases called vaccinia-related kinase (VRK), which causes the 
loss of the DNA-binding activity of BAF. A recent study with poxvirus has shown that BAF can 
bind vaccinia viral DNA in the cytoplasm and inhibit viral DNA replication in vivo. However, 
vaccinia virus counteracts this inhibition by expression of B1 kinase, a viral homologue of VRK 
that reduces DNA-binding activity of BAF by the phosphorylation. These evidences raise the 
possibility that VRK-mediated phosphorylation of BAF may influence intermolecular integration 
activity of the PIC through alternation of DNA-binding activity of BAF. In this study, we obtained 
evidence that murine VRK family proteins (VRK1 and VRK2) are capable of disrupting the 
intermolecular integration activities of MLV PICs, which was accompanied by removal of BAF 
from viral DNA within the PICs. In addition, phosphorylated form of BAF failed to stimulate 
integration activity of PICs. Furthermore, treatment of HIV-1 PICs with human VRK1 resulted in 
abolition of integration activity of the PICs in vitro as well. Our finding suggests the presence of 
intrinsic inhibitory mechanism for the retroviral integration, which is executed by cellular kinases 
such as VRKs. 
2) Role of a HECT-domain E3 ubiquitin ligase, Huwe1 in HIV-1 infection: S. 
YAMAMOTO and Y. SUZUKI 
Integration is an indispensable step for retrovirus replication, which is catalyzed by IN. 
We have recently identified Huwe1 as a cellular interactor for MLV and HIV-1 IN. Huwe1 is a 
HECT-domain containing E3 ubiquitin ligase that has been reported to mediate the ubiquitination of 
Mcl-1 and p53, and induce consequent degradation of these proteins. Although Huwe1 was likely to 
be incorporated into the retroviral PIC shortly after entry of virus, the susceptibilities of target cells 
to single-round MLV and HIV-1 vectors were not affected when endogenous Huwe1 was depleted 
from the target cells by siRNA knockdown technique. This indicated that Huwe1 is an inert adaptor 
protein at the early phase of the retroviral infection. However, knockdown of Huwe1 in a human T 
cell line (MT-4 cells) increased the infectivity of HIV-1 from virus-infected cells. In addition, we 
found that Huwe1 interacted with HIV-1 Gag-Pol precursor protein through an IN region. Huwe1 
therefore appears to modulate the production of infectious virion via functional association with 
Gag-Pol precursor at the late phase of virus infection. 
3) Inhibitory effect of Rho GTPase Rac2 on HIV-1 replication*: T. WATANABE and 
Y. SUZUKI 
Rho GTPase family proteins including Rho, Rac, and Cdc42 act as intracellular switches 
to regulate membrane trafficking, actin rearrangement, and effective signal transduction as well as 
T cell development. However, Role of the Rho GTPase family proteins in HIV-1 infection remains 
unclear. In this study, we focused on one of the Rho GTPases, Rac2, which is reported to be 
expressed only in hematopoietic cell lineages. To elucidate function of Rac2 in HIV-1 replication, 
we established T cell lines in which FLAG-tag-fused Rac2 was over-expressed and analyzed the 
susceptibility to HIV-1. We found that Rac2 expression rendered T cell lines more resistant to 
cytopathic effect caused by HIV-1 infection, and virus replications in the Rac2 expressing cells 
were significantly inhibited. Co-transfection experiments of HIV-1 producing plasmid together with 
Rac2 expression plasmid showed that Rac2 appeared to suppress gene expression of HIV-1 proviral 
DNA, thereby decreased the level of virus production. Furthermore, constitutive active (GTP 
binding) form of Rac2 enhanced the inhibitory effect. Our results suggest that Rac2 is a novel 
suppressive factor for HIV-1 infection. 
*  This project is conducted in collaboration with Laboratory of Viral Pathogenesis/Institute for 
Virus Research (Professor Yoshio Koyanagi) 
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REPRODUCTIVE ENGINEERING TEAM 
 
Reproductive engineering team is a support unit for generating transgenic mouse (Tg) and 
knockout mouse (KO) under the animal committee of our institute. We also perform 
cryopreservation of mouse fertilized eggs. Current staffs are Kitano and Miyachi. Results of last 
three years are as follows. 
!
!
1) Freezing embryos 
2007                             74 strains        22,069 embryos 
2008                             62 strains        20,525 embryos 
2009                             75 strains        20,337 embryos 
 
 
2) Introduction of mouse strains from outside 
                            Frozen embryos            Live mice 
2007                              3 strains              4 strains 
2008                              4 strains              2 strains 
2009                              7 strains              2 strains 
 
 
3) Transgenic mouse production with cloned DNAs 
           No of constructs     No of embryos       No of transgenic 
                                   injected         pups obtained 
2007                 11              2,937            32 (1.1%) 
2008                 52             20,379           125 (0.6%) 
2009                 94             33,821           190 (0.6%) 
 
 
4) Production of chimeric mouse 
           No of ES clones     No of embryos       No of coatcolor 
                                   injected      chimera obtained 
2007                 37              5,237         367 (7.0%) 
2008                 49              7,252         357 (4.9%) 
2009                 52              4,587         242 (5.3%) 
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Computer Network of Institute for Virus Research 
 
 
Institute for Virus Research LAN system (IVR-LAN) has administrated by the network 
committee consisted of five staffs (Prof. Yodoi, Prof. Akiyama, Prof. Toyoshima, Assistant Prof. 
Takemoto and Technical specialist Sagara). IVR-LAN service has covered for researchers in some 
medical departments as well as IVR and the primary purpose of IVR-LAN is to offer accessibility 
to the Internet in support of their studies.  
IVR-LAN has provided a variety of network services, including E-Mail, WEB-mail, WWW, 
File-sharing, SSH and all Outgoing TCP services except for P2P. Main services are working on Sun 
Sparc platform with Solaris 8 and 10, DELL with Linux. This year we have replaced the mail server 
which had been running Sendmail with new one running Postfix. It is known that Postfix is 
designed as a secure MTA.  
We have to move servers to a neighboring building on May 2010 since the project starts to make 
our building earthquake-resistant. The IVR-LAN committee has discussed the project schedule with 
KUINS (Kyoto University Integrated information Network System) how to maintain our services 
including the exclusive services such as a licence management, and tried to prepare the future 
construction of network carefully.  
The number of infected mails is approximately thirty thousand a week and it represents 4 % of the 
incoming mails to IVR. However IVR-LAN has adequately equipped, we must have a 
responsibility for sending/getting data. A few accidents have occurred in this year. Many people just 
don’t pay any attention to security before it might violate the safety. IVR-LAN users need to get 
certifications of training of e-learning course which is provided by Institute for Information 
Management and Communication of Kyoto university.  
 




During the period of January to December 2009, the following new staffs were appointed; 
Dr. Yousuke Takahama as a Visiting Professor of Bioresponse Regulation Laboratory, Dr. Isamu 
Matsunaga as an Associate Professor of Department of Viral Oncology, Dr. Takayuki Miyazawa as 
an Associate Professor of Department of Cell Biology, Dr. Shinobu Chiba as an Assistant Professor 
of Department of Viral Oncology, Dr. Kiyohiro Takahashi as an Assistant Professor of Department 
of Genetics and Molecular Biology, Dr. Hirotaka Ebina as an Assistant Professor of Research 
Center for Acquired Immunodeficiency Syndrome, Dr.Toshiaki Tsubota as an Assistant Professor 
of Experimental Research Center for Infectious Diseases, Dr. Hideyuki Tanabe as a Visiting 
Associate Professor of Bioresponse Regulation Laboratory, Drs. Hironori Niki, Hideki Nishitoh and 
Tetsuro Matano as a Lecturer (part time) of Department of Viral Oncology, Dr. Jyun Nishihira as a 
Lecturer (part time) of Department of Biological Responses, Drs. Masaaki Miyazawa, Hiroyuki 
Mano and Takeshi Imamura as a Lecturer (part time) of Research Center for Acquired 
Immunodeficiency Syndrome, Dr. Tomohiko Takasaki as a Lecturer (part time) of Experimental 




Dr. Yota Murakami moved to Graduate School of Life Science, Hokkaido University, Dr. 
Keiji Okamoto moved to The Scripps Research Institute, U.S.A., Dr. Eiichi Kodama Moved to 
Tohoku University Hospital, Drs. Hajime Nakamura, Yoko Hirabayashi, Reiko Hirai, Motoyuki 
Tanaka, Toshifumu Inada, Osamu Takeuchi, Hideyuki Tanabe, Koya Ariyoshi, Shinya Suzu, Takaji 




THE SCIENTIFIC LECTURES OF THE INSTITUTE FOR VIRUS RESEARCH 
 





Opening Remarks: Ryoichiro Kageyama 
 
1. Biology of Retroviruses: Light and Shadow, Takayuki Miyazawa , this Institute 
 
2. Evolution of Mammalian Placentation by Retrotransposon-derived genes. Fumitoshi Ishino, 
Tokyo Medical and Dental University 
 
3. Redox Regulation of Stress Signals; Cohabitation, Environment and Inflammation, Junji 
Yodoi, this Institute 
 










 SEMINARS OF THE INSTITUTE FOR VIRUS RESEARCH 
 
Thirty-three seminars were held at the Institute for Virus Research under the auspices of the 
Institute in 2009. Twenty lecture were from abroad and Thirteen others were from Japan. 
 
January 6  Dr. Mohamed Nejmeddine, Wright-Fleming Institute, Imperial college London, 
  U K.! “Ultrastructure of HTLV-1 virological synapse and function of tax 
  protein”. 
 
January 13 Dr. Jun Takehisa, University of Alabama at Birmingham, U.S.A.  “Origin and 
 biology of siv in wild-living gorillas”. 
 
January 22  Dr. Keizo Nagasaki, National Research Institute of Fisheries and Environment 
of! Island Sea (FEIS), Japan.! “Virus in water --from phenomenology and 
mechanism to applied science--”.  
 
February 24 Dr. Katsuji Sugie, Research Scientist, La Jolla Institute for Allergy and!
Immunology, Japan. “CD4 cell-secreted, posttranslationally modified cytokine 
GIF suppresses Th2 responses by inhibiting the initiation of IL-4 production”. 
 
March 5  Dr. Massimo Palmarini, University of Glasgow Veterinary, U K.  
“Endogenous! retroviruses, evolution and modern civilization”. 
 
March 16  Dr. Yoko Hirabayashi, National Institute of Health Sciences, Japan.  “Biology 
of Aryl hydrocarbon receptor”. 
 
March 19 Dr. So Nakagawa, Ntional Institute of Genetics, Japan.  “Evolutional analysis 
of! the translation initiation mechanism”. 
 
April 17        Dr. Neil Segil, University of Southern California, U.S.A.  “Development and 
 regeneration of the inner ear: coordinating cell cycle and! differentiation – 
     constraining notch signaling.” 
 
April 20 Dr. Berta Alsina, Universitat Pompeu Fabra, Spain.  “Establishment and 
development of the neurogenic domain in the inner ear”. 
 
May 21 Dr. Yohei Hizukuri, Nagoya University, Japan.  “Bacterial nano-machine 
motor: An approach to rotary mechanism of the bacterial flagellar motor in 
escherichia coli”. 
 
June 4 Dr. Amelia J. Eisch, Department of Psychiatry, UT Southwestern Medical 
Center,! U.S.A.  “Cell intrinsic regulation of adult hippocampal neurogenesis 
by Cdk5 and Notch1”. 
 
June 30 Dr. Naoshi Dohmae, RIKEN, Japan.  “Proteomics techniques for post 
translational modification ”. 
 
July 1  Dr. Masaru Ishii, Osaka University, Japan.  “Chemokine-mediated migration 
control of osteoclast precursors visualized by in vivo bone imaging: A novel 
point of regulation for 'osteoimmunology”.  
 
July 9 Dr. Dong Sung An. Department of Medicine, UCLA, U.S.A.  “RNA 
interference induces CCR5 down-regulation in systemic! lymphoid organs 
including in the gut of the NOD/SCID-h BLT mouse model” 
 
July 31 Dr. Jun Nishihira, Hokkaido Information University,! Japan.  “Structure and 
function of macrophage migration inhibitory factor (MIF)”  
 
August 21 Dr. Hiroshi Tsuda, Baylor College of Medicine, Department of Molecular and 
Human Genetics,! U.S.A.  “Pathogenesis of amyotrophic lateral sclerosis, a 
fly view”. 
 
August 31 Dr. Yoshiaki Nishimura, Laboratory of Molecular Microbiology, NIAID, NIH, 
U.S.A.  “Primate lentivirus infection of resting CD4+ T cells in vivo as 
macaque models for acute HIV-1 infection”. 
 
September 3 Dr. Sadayuki Okura, U K. Division of Virology, MRC National Institute for 
Medical Research, U K.  “Recognition of murine leukaemia virus capsid by 
TRIM5!”. 
 
September 11 Dr. Jochen Zimmer, Harvard Medical School, U.S.A.  “Structural basis for 
SecA mediated protein translocation”. 
 
September 18 Dr. Hironori Niki, Ntional Institute of Genetics, Japan.  “A gene network of 
morphogenesis in the rod shaped bacterium ”. 
 
September 24 Dr. Takeshi Imamura, Institute for Genome Research,! The University of 
Tokushima, Japan.  “In vivo light imaging develops revolutionary cancer 
research ”. 
 
October 6 Dr. Kazuhiro Yagita, Osaka University, Japan.  “Development of mammalian 
  circadian clock: differentiation of ES cells and generation of oscillators”. 
 
October13 Dr. Hitoshi Sakano, The University of Tokyo, Japan.  “Axon wiring and 
neural map formation in the mouse olfactory system”. 
 
October13 Dr. Michael Gale Jr, School of Medicine University of Washington, U.S.A. 
“Regulation of innate antiviral defenses by the flaviviridae”. 
 
October 30 Dr. Yosuke Takahama, The University of Tokushima, Japan.  “T-cell 
repertoire formation in multiple thymus microenvironments”. 
 
November 16 Dr. Takaharu Okada, RIKEN RESEARCH, Japan.  “Trafficking and 
interaction of B and T cells in antibody responses” . 
 
November 17 Dr. Hideharu Hashimoto, Wayne Rollins Research Center Emory University, 
U.S.A.  “Interaction between SRA domain of UHRF1 and TTRF domain of 
Dnmt1 is! important to target Dnmt1 to hemi-methylated CpG site”. 
 
November 19 Dr. Edward L. Murphy, Jr., University of California, U.S A.  “Update from 
the HTLV outcomes study (host): mortality, neurologic disease and 
immunology among "healthy" HTLV-I and -II carriers”. 
 
November 25 Dr. Robert F. Hevner, Seattle Children's Research Institute, U.S.A.  “Brain 
  abnormalities in a patient with monosomy 1p36: possible relation to multiple 
  Hes gene loss”. 
 
November 25 Dr. Branden R. Nelson, Seattle Children's Research Institute, U.S.A.  “Long-
range,contact-dependent Delta-Notch signaling during mammalian 
corticogenesis”. 
 December 1 Dr. Setsuko Sahara, Molecular Neurobiology Laboratory The Salk Institute 
forBiological, U.S.A.  “Controls of the frontal cortical size and the neuronal 
number during development”. 
 
December 8 Dr. David M. Gilbert, Florida State University, U.S.A.  “Replication timing as 
an epigenetic fingerprint of stem cell identity ”. 
 
December 14 Dr. Kit Pogliano, University of California, San Diego, U.S.A.  “Investigating 
  membrane and protein dynamics during bacillus subtilis cell division ”. 
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B[\ÚHB[\Ú HCV 9¾¿³´!éêÂBI9b¼½ PPAR-!9&'(%
! HCV9¾¿³´C]+c^_Ú:b!`½¼bcÈBI 
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Ö95;34!æ ¦::Ö§¨;Ñ56±Æ§µÑ¼©<=>±õ¼565üý­©,
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@:CØ 0,1},Ø 516ç ±êº»¨¿ÀÍ­FGÍ7DE@;CÖêë×¼©0,1},Ø 516ç 5!"
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sttu v*%&w x*yz{|}b&~x* & 2{HbdF2&LKIJQ*%&
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D.E÷];;PQbD.EF©2[R]S[YE1To¬2U]1;,&C. #$% È* æ#$%
!¶·¸X>]VW¿*ë8XE\T*YZ/-bD.EFsttuv%&C. #$%ÈÍ¼&-ráâ#$%
2·¸X> 23%4 ]0[8XE\!]]^b&2_&*YE©-]1`D.EFcd&©2]

























r Ã:2IJÍ¼&æ#$%V Û#$%*1.D&\IÅ%´2 #$%]½¾¿*9:YEµ¶ª·¸`{
Æ¼Í*ªCD"D.EFbÍb'(¬2 t¹2º»]¼ÀEjkl_m #$%2n"{É2+/*
³489D.E2Í%+;5ÍCD.ªÍCdFr
r ½IJQ$%¾¿À{]Á.D&\IÅ% Ù#$% ]Âqùjkl_m{½¾¿*5089E©-
]9¾bdF©250*%&©9c$ '$%2£*Á,-89E-Ã*¼9D"dÄÅ^Æ@jx
_Ç6ë&2T¤X>&&æá - #ÛÛt 2È{Á,ùCdFjkl_m]]^bD0sYE-&









Å% Ù#$% ]9:YEÁ,{ÝÞYE2ùZ/F©2+/ªßíë.Í¼½IJQ$%&&æá -
#ÛÛt ]ÂßÄÅ^Æ@jx_Ç6ë&]&à=á>Ù: 6ë&â-ûãbd  Genotoxic stress 
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cwo8ÑnÒ¬Ó|ÔÕeyKPObR©©ze{ IUPs 8Ö×”naturally unfolded 







ûGX()noø^ühXDNA polymerase ! (Pol!)XNý*þÿ/8 catalytic domainKnon]O
RKn^|eXbîno@mX C ý*þÿ/X9*/ unstructured 7zeK!¦ue{
ÑnÒ@Pol!"X DNA#$X%&qÆQb'çe8 catalytic domain|(Õo)*
|eyKb]omX|eK+tPue{ 
 
1 Pol!XZ,-.T/012Xx3@N ý*þÿ/89èé45637ze DinB polymerase K
§w+7ß|ä©@Cý*þÿ/88Xpgqr"KX+9:;b'çe domain< motif|(=
7we{¬[X DNA polymerase8 DNAQX>W7?"7ze@ÛA DNAXXAX6i&
k5ý*OPBuwxb PCNA KØÙuepgqr"K½e{Po"! C ý*ÎCb
PCNA-Interacting Protein (PIP)-boxKØÙueDE|ä]owe{PCNA8 homotrimerKnoj5F
GXxHb]o@mXIJ*/b@ÛA DNA |R,Ñxbno½e{KX-L
~ DNA polymerase 8}~ DNAMX#$*NbOPeKmy7QR|STn@mub½now
^ PCNA8 mono-ubiquitin(mUb)U|VdeK+tPuowe{Pol!Xxb DNA#$X%&qÆ
Qb'çe Y-familyX DNA polymerase 8 Ubiquitin-Binding Domain (UBD)|WXS°Â5ä]o
cR@ mUbU|Vd^ PCNAb½noQRSTbY]^-L~ DNA polymerasebZø[çeK
+tPuowe{^@Pol!8 PCNA<7Ì Y-familyb\e REV1K+9:;e@mX^
ÕX5]5ÄDE(REV1-Interacting Region, RIR)8ìw^wWT/012_"X`wX7ze{°








1kb DNA polymerases8 tomb, fingers, palmOPellmnv|eK+tPuoã^
@ÍÎX()b]o Pol!X catalytic domain 8op78mXx|]ocP@DNA
K½eyKb]o@ÛA DNA X6i&k5ý**/bRqÑxbeyK/
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* zÕÖ×Ø1BIL-7R3{jÓÔ oÕ] STAT5 > J! º´Ù³²³3ÚÛABÜÍÝ±Þ
¹Âß `àá§zi J!âã=9 accessibility `äåoæzi`çèAjé]eêëB
TCR! âã=ì1BSTAT59ÚÛÙÂ³í> J! º´Ù³²³9b^pî 3’Æ±Ñ±Ò³ÏE!Ð
3ïðñoÕjzipBSTAT5 > E!iÚÛAj·9ÓÔ`¥,AjòóÔ>ôõpÕ
eö÷3£j E!9 H3 ÜÍÝ±9fø#9ùÈ±úû>ü¸ýß3þÂß oÕj
£¼BIL-7R"ÿ!ÀÞ"ÝÏKOÐÁ"Í1#$Aj]eÖ]BSTAT5 >Ò°Ý%°±&'3
{¼ E!3ÚÛAÞ¹Âß `äåoæ]eêëB$¾(= Runx i c-Myb >)*¬3 E!3ÚÛA
j]eop3BSTAT5 1 Runx ¿ c-Myb i+,Aj E!9Æ±Ñ±Ò³ÓÔ`äåoæ]e-ä
9Ú.pBTCR! âã=ì9Æ±Ñ±Ò³31BÖî Runx ¿ c-Myb >B/j STAT5 >ÚÛ
AB01¬3ÓÔ §zi>¦pi^]eÖ]BSTAT5 1 J!º´Ù³²³23^4 E!3
ïÚÛABTCR! âã=ì9 germline $¾i accessibility `¥,Ajzi>56oÕ]eÏ7
ê89B!K:êÐ 
 
ÏIÐSTAT53{ TCR V!;<9¥, 
* IL-7R"ÿ!ÀÞ"ÝÁ"Í1BJ!âã=23^4 V!âã=9 germline $¾ï#$Aje
Ö]BTCR! âã=ì1BSTAT5 9ÚÛÙÂ³í> J! º´Ù³²³9b^pî V!;<=9¥
,;< HsA 3ïðñoÕje-ä9zipBIL-7R >?@ß3{¼ STAT5 > HsA iÚÛ
Aj V!;<9À´ÁÂ±`¥,AjòóÔ>56oÕeÖîBRAG-2 KO Á"Íö÷
1BV!5BV!2BHsA 9ÜÍÝ±Þ¹Âß 9¸ýß>ü4BIL-7R" KO Á"Í1#$Aj
]eÖ]BÒ°Ý%°±AñÔB Ba/F3 3£jBÒ°Ý%°±&'3{¼ V!5 i HsA
9ÜÍÝ±Þ¹Âß i germline $¾>äåA]eop3Bz9C V!5 9À´ÁÂ± accessibility
ïäåAj]eÖ]BRAG-2 KOÁ"Íö÷¿º¸ TB Scid.adh` IL-7&'§iB
STAT5 > HsA 3ùÀß³ÝoÕ]eêëBSTAT5 1 V!5 º´Ù³²³31ÚÛA^]AB




ÏÐIL-7R1 CD8 T9- iFG T9HI`¥,§ 
* IL-7R 1ù±JK9- iHI3L(^Mé`AjeIL-7R" KO Á"Í1"# T >N
¬3OPAB!$ T 1QR3ST§eAABT - 9U3£3 IL-7R 9VW3X
j1)A4"ÎoÕj^ez9YZ`¦p3§]d3B×Ø1[IÆÀ\±9]^3
loxP _``yA] IL-7R"-floxed Á"Í`abABCre cÄõde`ö÷ CD4+CD8+01pf
§ CD4-Cre Ýg±ÍÈÉh!ÀÏTgÐÁ"Íii_Ajj±kÌ>l@ß KO Á"Í`m]e
·9Ú.BCD4-Cre x IL-7R"flox/floxÁ"Í1Bö÷9Rn1Ã A^>Bmature CD8 single 
positive (SP) 9n>o¦3OPA]eFG1Bù±Jp¿J°Æßq9n1Ã >^
]>BCD4 Ti CD8 T>OPAB!$ T>rnAj]ezÕp9Ú.pBIL-7R








ï3Bù±Jp¿J°Æßq9 T ;<ÍÝ´³Á¿ù±J=x GFP >fAj







]^3 loxP _``yA] IL-7-floxed Á"Í`abA]ez9Á"Í` FoxN1-Cre i keratin 5-
Cre Tg Á"Íii_AB·ÕÕö÷ix9äx9b IL-7 `SA]j±kÌ>l@ß
KOÁ"Í`m]eFoxN1-Cre x IL-7flox/floxÁ"Í1ö÷9Rni!$ Tn> 1/153OPA
]ez9Ú.pBö÷äx>t!§ IL-7 >ö÷9ri!ñ3é^1]pé`A
jzi>¦pi^]eêëBkeratin 5-Cre x IL-7flox/floxÁ"Í1x9äx=!$ T1








,-. i¯©¬3ª#§«"t!`a|A]e~49 4¬5 t!`­®AB¶À´³±9
4¬6t!`m]e·9=IÀ´³±1Bâã=t¯R°y ¡¡*/0*,-.i9bª#§zi
>-]eú¼9À´³±1BR°9 ¡¡*/0*,-. £{¤Íºg°ÍoÕ] 9 */0*,-. 9
]ë3ª#A]eBzÕp9«"9±»^cbÛæ`²]+¤¥P9R° ,-. `
§>ÍË³`¢´PyeÏäKµ_Ð 
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deacetylase inhibitor) ÷ PPAR (Peroxisome proliferator-activated receptor) q'¹ºq(&@
wL½)*ÉÊy|)*¿q+bÄy_,¬q!}~@xL9TBP-2qÑ`[-.@/
0KLxyÙJ[Þ8ÊLË9É8@ TBP-2 q12Ñ`@Ë9}~34[ó¥ÉÊy_5^
TBP-2 4 HTLV-1 +,}~@xL½ DNA ´ 9{|678 @ËqÑ`[
9¨ÉÊLxyÙJ[:87@¹w^_ÙÊ8qÙJ789TBP-24}~34¥.9!






3) Transmembrane Thioredoxin-related Protein (TMX) 
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( /01234567 2189:;<=%01>?@ABC8DEF!GHI%J5KL5MNO















































(3)3³´V Sonic hedgehog4 Notch3 ¡R3 Hes1D¼=uBCJV}¢!"D)*u
íÞw 
( Sonic hedgehog (Shh)4D£ÈÉG3³´VM!"ð}¢!"D)*3$)yøùu¤ßH5¿D
"`D-Ïöë3î´V4úÝD&HÂ´b!"upqGUJV ShhD"`¤4L<Ã-Ï
u'üJLUx5KR Shh 3#aV#ÙÚÏ Gli2 H¥ãÍe°5¦ivi5M!"ð}¢!"
D)*í3$)yøùu¤ß#ÙÚÏ Hes1 D¼=HBCe°LbxD Hes1 D¼=BC45
Notch \3 ¡Jy;aLbKL5§¨©ª«D;< Gli2¬­4 Hes1 KLÏêpm
¬m3!®fÞwxUH`;aLbe<35Gli2ÿw´4 Hes1u¯°ÞwU Shh3#wM!"





ùu¤ßbxDUi5Notch Dè^SUJV Deltalike1 ð Jagged2 H5Notch D"`-ÏUJV
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* 1223 4 5 6 78 9:;<=>?@ABCDEFGHIJK&'LMNOPQR!STOUVW+
,-.%&'/0XYZ[\]^_`abQR!STOUcB]%#adHefghijkl[m
n+,-.%&'/0]cBopqrs1223 4 t 6^ladHefounvwx%x%yz{|}
~%&'~ur0@qrsW^  6^ladHefoun
x%"%(]OTOun`r@qrs1223 4 71 6 ¡
























(ë4'(6 ] .ì, Z?o<cdç[\o;a(ë4'(6 ]EFGHUo!"U]V}ef[\s"&
';¸¹la(ë4)5 Z?ghÅ^iº[\ ï9ð8ÛH9 jÏ GëîLëHò9 kÏâ=l4(ã!"2ua
>?m(ë4)5!"on¶urs(ë4'(6l@!";·\ >?72=!"^lIJup`@a>?m(ë4)5!"^
lIJua!"V}opoAOBHef[\s]!"ç`\o;aAOBH%
LF6^hù (ë4'(6 ]IJ;]pq@`ropqrsW^¸¹l (ë4)5 Z?ghÅ^iº[





¥¦NÎ»ÏÐEFGHNF\ ARSO 1 ]ÝfH^h\D*
* NVWX]Y¼{½¾¿Àla½¾]à![\r}]!wp]#ä
;·\suVup@Wa[mn]N@NÎ»ÏÐEFGH¥;.&'¦³]éêU *?Aè^
!ua³]o ;.&'NF\ A¥;.&'(A¦ghi E¥;.&'(E¦@]!"XIJ[\`rÏ
![\r}aY¼{½¾¿Àlpûn`\s;.&']X]IJ^<3pRSOo
unaº»Ó;^ ;.&'(ARSO 7¥Bî;A&(7¦ghi 1¥Bî;A&(1¦@©qn`\s;.&'(A
l Bî;A&(1 [\o;hùwÅpIJÒo@a½¾;iºun`\ Bî;A&(7 olYpùa
Bî;A&(1 l^F;ûiºun`\o@ n`\sBî;A& ]¡¢\ol ;.&'(A
]IJÒo£;3;·\s³;a¤¥¸¹l Bî;A&(1 ]D¦¢|m\oours
Ó§aF¥;G¦a¨©UÌÍ!"ª¥EëGÛ¦aghi«¬ÌÍ!"ª¥B.%13­¦;
] !!"#$"#]iº®GNFU &6(;:&ç`nq®uro¯a;G ;] !!"#$"#iº®l°
ûaEëGÛ ghi B.%13­ ;l ;G ]± 7²o³H^´n`rs^a*?A µTGÖ¶·¸¹Ç
¥5(9I9(+:¦ç`n B.%13­;] !!"#$"#]iº®q®uro¯ !!"#$"#iº®l 7º^»
ursW^a$%&'$($%)!¼^hù !!"#$"#D½¾#¥l7¦¿À(­2Ál7­3 ]ÂÃ@ :IJ
FÚMe;·\o@SWVopqrsÄKÂÃ] *?AµTGÖÅFGYFOfM




r]^ÊuaB.%13­;l B­%3Hë­@VqrsÌ£hùaBî;A&(1 @ *?AµTGÖÁHMÈ
^ÍÎ\ÝfH^h\DRÏn`\o@ËÐrs*
 
!"#$%&'(!) )))) ) ) Research Center for Acquired Immunodeficiency Syndrome )
*$+,-.&'/0) ) ) ) ) ) ) ) ) ) ) ) ) )) ) Laboratory of Viral Pathogenesis 
)
1234567 218 19:;< NIH=>?@:ABCDEFGH567 218 39:IJ&'
K3LMNOPQRJSOTUCV;< NIH :WJCDE67 21 8 4 9:;<XYZ["=>
IJ&'K3LMN: Peter Gee5\JCDE 
) ]^_ 3`_abc:`de&'OfgCedhE 
1) HIV ij:klhmnop_#qrstuv_ HIV wp_xyOz{|hst}~p BST-2
_O#h*$+,h Vpu __#O$D( 1)E
VBST-2_ HIV-1xyz{VCDOD|e__st:dev 
h¡=>V¢£¤¥¦?op_§¨¥©V*$+,:ªCe%«|h¡5¬©­®
 D(Retrovirology 6, 53, 2009)E¯:VBST-2_O#|h VpuO°±|h HIVVst²
³´_ BST-2_°±O¬µ:¶·|h¡:=>V¸ ¹¤¥*$+,wpº»5¼½ h¡
5~u¾D( 1)E¡VVpu ijst¿:deÀ_=Á: BST-2 :ÂdedhuOv











.&'/50°CD cDNA 1$21°±3èÓ*$+,45b(J. Virol.78, 11352-11359, 
2004)VCD63_ NË'67&£'(CD63!N)5VCXCR4_8+9'uvst*ñ÷_:;O¢£
¤:¶·|h¡O+ßCDõTraffic, 9, 540–558, 2008)E¡_ CXCR4_:;z{:VCD63~












HIV-1_-^}°±yz_#O-{CDEàá;a|}&'~_x&':=> T, B, NKs
t67mnboA»c*,:ÿ! CD34}stO:lCV_í HIVO«CDc*,O
¤:#qCDE_æçVCXCR4 O¦ø'|h*$+,h NL4-3 _ij:=>V
st_Ër_ CD4} Tst_¥O+ßCDEÇVCCR5O¦ø'
|h*$+,õR5*$+,öh JR-CSFijc*,Vst_+v ¥d5V
Ër CD4 } T st_V¢: CD45RA }ðjbT st_¢£¤¥O.CDE
CeV:de HIV-1 p24}stV|¥lV*$+,º»st CD3 } CD4
} CD45RO} CCR7}_#þ5bðjb(EM)sth¡5lu¾DEv:V¡
 v p24} Tst_Á 70% Ki67} EM~sth¡VÇVvu: Ki67
}_~ EMst:de p24^ßÅD(Virology 394, 64-72, 2009)E¡ v_æçu
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·¸G Ag*ý7)7B8)þA&9j/ lÿ¸<bc!"#ª+}$%C@MwCDE-Fr& ",' L8
±²³wC¤ó'~<õör&ÖRC[R ",'O x()l #*:@´C ;64!,<*?r£-
wCvLr<+V[¥¦,--F@´ ",'L x()O./yx()< =;00<./EO12w
CvLrÔÕ@V[<34Y ",'O56789:p x()<-r;ñwCvLO<Ô
V[",'r¡¢T=V #bc>YG?@ ;64!,%C<|}~¡¢£-râQV[AB<vL







¦,--F<.Õy,H¼$, ý",'<HXIô*?@G Fx45 Oì2YZCvLOÔÕ








.y0#IyI9g55y;,F5y÷ø 097gijý r|}Vbc@ÝaGNUV*$+, =;0L¤^_`
L<./mn@ARyòÿä<~OâQUV[34GÝaGa@ j°7gc9*ýg @´ÖRg
TUCG<òxy<:YZy34Gº<Õpxy<YZÖV[vU
<~Gy=;0Wì«XYzZ[\O j°7gc9*7j8° <-.L*$+, =;0J<@MfR



























!"#$%&'()*+, Experimental Research Center for Infectious Diseases 












XY  G9aÚ4²*AÛ&ÜÝÞkH ß¢àá<Lß¢âãä§¨]LåÇ£  
7 Ú4²* H3 LvÂ* 9(H3K9)LAÛ&Ü=9§¨]ÓÉLåÇæçÅ³u³2Û*Ükè&@
ÀÁÂÃÄÅÆu2,uL 1 é<ê iÚ4²*AÛ&ÜÝÞ9G9a .uë3²QKOY23
4<= H3K9 LMì@íAÛ&Üpî9ïðñò<óPôõC@ ¸C¶j9G9aöD×= G9a
kH  H3K9LAÛ&Ü=234LÓPk÷ø<ê iD¶D G9a-KO234pùúóPôõk@






QReproductive homeobox: RhoxY§¨]p G9a>?kHEãxäkÓÉp@ADE´ ¸Cf%
BD?iRhox§¨]C= X"¡¢k2w^5 9DEF^5?>(L Hox§¨]<ê (Cell, 
120 p369, 2005)i¸L Rhox§¨]=3GæHG@ÍLPIJKCó)ãäkÓÉ· i^jk9
LäköMäköNO­LÓÉP+,*fQ·p9LÓÉLÇÈLARST/=U<ê i
VWX´¸Ck9DNAAÛ&ÜÝÞL>?kHI9ßm¢ãäk Rhox§¨]uY4+,Lã





JY  nopßLÓPk  G9aÚ4²*AÛ&ÜÝÞL£¤'8  
H¼½=q+rsL-./ftuvk¨h ¸CLwk9xHzL6y*²9zh{ Zygotic gene 
activation QZGAY@Ík÷ø@q+rsL|]fxHzLßk¨h C´*£¤ö}~aéi2
34<=k 2 ¼½ò< ZGA pî iýØ=q+¶j´üÚ4²*TÝÞ@ÍLÀÁ
ÂÃÄÅÆu4%|]p234òÓPk÷øL£¤faéL<=@´¶Ch?iq+rsL
G9a f´?f% #ä< G9a ±*%Æ&.uë3²234C Zona pellucida 3 
(Zp3)-Cre ²Y*4ÂÃSu234CfD?ij5? Zp3-Cre9G9aF/F 234f+P,L
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7vèLSHIV DNAWÅÆ¹é}.ê CD4Ç T7},Á¨[.zÂ ¡UV³ëvì
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Ê 1.  SHIV-pr8aµ)*FH©«±Ô': PRPRTPINT¸¹s 4Á¹D¼½¾FHÕÂK 
      Y¦%&'(Ã CD4Ö×ØKÖ(Q/ÙÚ²äK¦KÛÜ)Ýr. 
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2 FY%&'(2(human immunodeficiency virus: HIV)2%(i%&'(2
(murine leukemia virus: MLV)2VA%&'(,-VWY34V%&'(V:
n?X,-wXBh%&'(F ?¡¢£BVY¤#¥¦§¨
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¾@BV¬xY!/"é?mX BAF  PIC ¬x"<£ðYõ/ ? PIC:&/²³1´
µ/Îè56£BVS¾=B¬ýWwh9,-¾FY%(: VRK U>?!1ì)2
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2 &/²³1´µ/¨©F%&'()*?:;:Td¾@nY&/²³¼1½ (IN)2SZ
:&¹¦§¾@Bh;'YF MLVwxy? HIV-1 IN:Éõ5ÁVWX Huwe1 UV
WAhHuwe1 F HECT WK&/ý .P QRå7/!S1½¾@nYMcl-1  p53 VAì
):QRå7/éYZWXZ?XJ ì):Ë"CD£BVS89îXBh9,-





º»:%&'(?efXgWXBVSÊx¬VwAhîx?YHuwe1 F IN klh÷
 ? HIV-1 : Gag-Pol ijçì)VýõWAhx:õ/F Huwe1 S%&'((0:kü
Td?XY)*É%&'(lÁ:m­ÂÃ£BnèÉIWXBh2
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